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Superintendent, Porcelain Depart- 
ment, Canadian General Electric 
Company 

Professor, Fuel Department, The 
University 

Deutsche-Carborundum-Werke 


Secretary, Consulting Engineer and 
Editor, The Association of Swed- 
ish Brick Industry 


Geologist 


Manager, Calcutta Pottery Works 
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De Luze, HENRI, 
Avenue de Poitiers, Limoges, France 


Dorst, Max, M.E., 
Oberlin, S. M., Germany 
ELrEop, KENDE, 

Beregzasz, Hungary 
FISHER, GoERGE P., Cr.E., 
Aldershot, Ont., Canada 
FREDRIKSSON, NILS, 
Svedala, Sweden 
Fujrye, NAGATAKA, 


Kyoto Tojiki Shikenjo, Gojosaka, 
Kyoto, Japan 


Gasy, F. A., B.A. Sc., 


709 Continental Life Bldg., 
Toronto, Ont., Canada ~ 


GoppARD, WALTER T., E.E., 
Hamilton, Canada 
GRIFFIN, Cart H., 
Wesseling, bei Koeln, Germany 
Harkort, HERMANN, Dr. Ing., 
Driesen, Ostbahn, Germany 
HAVILAND, JEAN, 

Limoges, France 
HEINZ, GUSTAV, 

Neuhaus, am Rwg., Thuringia, Germany 
HirANO, KoSuKE, 

Tokyo, Japan 


Horstey, THOMAS NorkgIE, 
193 Tuam St., Christchurch, N. Z. 
HoursourIPe, JUAN, CR.E., 


Lincoln F.C.O., Prov. de Buenos Aires, 
Argentine Republic. 


JENKINS, NEWELL SILL, D.D.S., 


Thorwald, Loschurtz bei Dresden, 
Germany 


LuNpGREN, Huco JoHANSON, 
Peterboro, Ont., Canada 


- Marson, PERcIVAL, 
Near Stourbridge, England 


MELttor, J. W., PH.D., 

19 Villas, Stoke-on-Trent, England 
Mitxiar, JNo. B., 

Clayburn, British Columbia 
Momok1, SABURO, 

84 Kobayashi-Cho, Nagoya, Japan 
Moutton, D. A., 


116 Conduit St., 
Toronto, Ont., Canada 


Ingenieur des Arts and Manufac- 
ture, Theo. Haviland, Porcelain 
Manufactory 


Representative, 
Dorst 


Maschiner Fabrik: 


Assistant Superintendent, National 
Fireproofing Company of Canada 
Director, Ceramic School 


Director, Ceramic Department, 
Higher Technical School of 
Osaka 


Chief Engineer Hydro-Electric 
Power Commission 


Canadian Porcelain Company 


Deutsche Norton Gesellschaft M. 
Veo EL: 

Technical Director, Steingutfabrik, 
Vordamm 

Technical Director, Haviland and 
Company 


Professor Ceramic Department, The 
Higher Technological School of 
Japan 

Manager, Christchurch Brick Com- 
pany 

“Estancia San Antonio” 


Superintendent, Canadian General 


Electric Company 

Consulting Ceramist, 128 High St.; 
Amblecote 

Instructor in Pottery and Porcelain, 
Victoria Institute — 

Clayburn Company, Limited 


Chemist, Nippon Toki Gomei Kwai- 
sna 

Ceramic Engineer, Ontario Paving 
Brick Company 
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OAKDEN, WILLIAM EDWARD, 


2, Gladhow Terrace, S. Kensington, 
London, England 


Pravo, JOSE DE J., A.B., M.E., 
P. O. Box 125, Havana, Cuba 
RAMSDEN, Cyrit E., 


Watlands Ave., Wolstanton, 
Stoke-on-Trent, England 


RUSSELL, JOSEPH, 
437 Jarvis St., E. Toronto, Canada 
SHANKS, DoUucLAS, 
Barrhead, Scotland 
SHANKS, JouN ARTHUR GORDON, 
Dalmeny Park, Barrhead, Scotland 
SHOEMAKER, GEORGE W., 


Box 1028, Moose Jaw, 
Saskatchewan, Canada 


SWEET, GeorcE A., F.G.S., 


“The Close,’? Brunswick, 
Victoria, Australia 


THomas, CHARLES WILLIAM, 
Pedmore, near Stourbridge, England 


VILLALTA, JOHN F. R., 
Barcelona, Spain 


Manager, Ceramica Cubana 


Technical Chemist 


Brick Manufacturer 
Manager, Victorian Pottery 
General Sanitary Engineering Work 


The Saskatchewan Clay Product 


Company, Limited 


Proprietor, Brunswick Brick, Tile 
and Pottery Works 


Managing Director, -.. Jeandea. 
Pearson, Limited 

Agent, American Clay Machinery 
Company 


RESIDENT ASSOCIATE MEMBERS 


ACHESON, Epwarp GoopRICH, 
Niagara Falls, N. Y. 
ALBERY, DUANE Faxon, CRr.E., 
North Crystal Lake, III. 
ALLEN, FRANCES BouTELLE, CRr.E., 
Washington, D. C. 
APPLEGATE, DD: H.,-JR,, 
Red Bank, N. J. 
Arsocust, CHas, O., Cr.E., 
Xenia, Ohio 
ARNOLD, Howarp CLIinTon, B.S. (in 
Cr): 
1005 So. Wright St., Champaign, III. 
ATWATER, ALLEN RUSSELL, 
Anderson, Ind. 
BACHER, HoLtLANp Ropert, 
211 Daniel St., Champaign, Ill. 
Back, RosBeErt, 
Washington, D. C. 
Bacon, RAymMonp Foss, B.S., M.A., 
Pus 
Pittsburgh, Pa. 
Baccs, ArTHuR E., 
Marblehead, Mass. 


President, Acheson Company 


Assistant Chemist, American Terra 
Cotta and Ceramic Company 


United States Patent Office 


Manager, Crescent Brick Company 


Ceramic Engineer, National Tile 
Company ; 

Student, Ceramic Department, Uni- 
versity of Illinois 


United States Bureau of Mines 


Associate Director Mellon Institute, 
University of Pittsburgh 


Manager, Marblehead Pottery 
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BAILAR, JOHN C., B.S., and M.A., 
Golden, Colo. 
BarTELxts, H. H., 
Gallup, New Mexico 
Bars. Py BSc. 
40th and Butler Sts., Pittsburgh, Pa. 
BEepson, WILLIAM, 
R. D. 4, Lawrence Road, Trenton, N. J. 
BeEEcHER, Mitton F., 
Station ‘‘A,’? Ames, Iowa 
Bett, M. LLEweELtyn, B.S., 
407 Franklin Ave., Wilkinsburg, Pa. 
BENTLEY, Louts Lees, M.E., 
Beaver Falls, Pa. 
BERRY, CHARLES W., 
St. Louis, Mo. 
Berry, Epwarp R., 
107 Cross St., Malden, Mass. 


Brest, Harotp A., 

122 Hamilton St., New Brunswick, N. J. 
BrsH, Howarp A., 

Carey, Ohio 


Biair, Marion W., M.E., 
Kushequa, Pa. 

Biair, WittiaAm P., 
Cleveland, Ohio 

BLAKE, CHAS. GLENVILLE, M.E., 
Pittsburgh, Pa. 


BLOOMFIELD, CHARLES A., 
Box 652, Metuchen, N. J. 


Boeck, Percy A., 
1736 Morgan Place, Hollywood, Calif. 


BooraEM, J. Francis, M.E., and 
Be, 
1182 Broadway, New York, N. Y. 
Bourne, ENocu G., 
136 Ingram Ave., Trenton, N. J. 


Bow, WARREN Epwarp, CR.E., 
Wrbana, eile 


BowMAN, Rosert K., 
Trenton, N. J. 


BowMan, WILLIAM J. J., C.E., 
Trenton, N. J. : 


Brapy, HuGH SoseEskI, 
Washington, Pa. 


Bracpon, Witt1aAm V., B.Sc. (in 
Cer.) 
4424 Delmar Ave., St. Louis, Mo. 


Assistant Professor of Chemistry, 
Colorado School of Mines 

Ceramic Engineer, New Mexico Fire 
Brick Company 

Chemist, Bureau of Standards 


Assistant Manager, Elite Pottery 


Company 


Carnegie Steel Company, Braddock 
Fae 


Superintendent, Armstrong Cork 
Company 
Chemist, Laclede- Christy Clay 


Products Company 


Chief Chem. Engineer, Laboratory 
General Electric Company’s Lynn 
Works 


Assistant Superintendent, National 
Electric Porcelain Company 


Superintendent Kushequa Brick 
Company 

Secretary, National Paving Brick 
Manufacturrers’ Association 

Engineer and Salesman, Armstrong 
Cork Company 

Treasurer, Bloomfield Clay Com- 
pany 

Chemical Engineer 


Treasurer and Manager, American 
Enameled Brick and Tile Com- 
pany 

Thomas Maddock’s Sons Company 


Ceramic Department, University of 
Illinois 

Treasurer, Trenton Fireclay and 
Porcelain Company 

Trenton Fireclay and Porcelain 
Company 

Engineer, Hazel Atlas Glass Com- 
pany, Factory No. 2 

Ceramic Division, Academy of Art, 
University City 
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BRAND, JOHN JULIUS FREDERICK, 
West Salem, III. 

Branpt, Geo. F., 
Box 314, Minerva, Ohio 

Bray, ARCHIE C., Cr.E., 
Helena, Mont. 


Briccs, LEonarpD S., 
South River, N. J. 
Brock, FRANK PETERSON, B.Sc., 
1308 Ohio St., Lawrence, Kansas 
BROCKBANK, CLARENCE J., 
Niagara Falls, N. Y. 
Brower, FRrRep., Cr.E., 
Hebron, North Dakota 
Brown, EpMUND, 
Perrysburg, Ohio 
Brown, RApH E., 
740 Pearl St., Ottawa, Ill. 
BRUNER, WILLARD LyNN, 
233 High St., Perth Amboy, N. J. 
Bryan, MERRILL L., 
Seattle, Wash. 


Burr, Francis T., 
150 Nassau St.,. New York, N. Y. 
Burr, Ropert BRINKERHOFF, 
Columbus, Ohio 
BUTTERWORTH, FRANK W., 
Danville, Il. 
Cas_zE, Davis A., M.E., 
Box 1017, Renton, Wash. 
CABLE, MARGARET KELLY, 
Grand Forks, N. D. 


CALDWELL, FRANK WALKER, B.S., 
in M.E., 
Lookout Mountain, Tenn. 
CALDWELL, JOHN A., 
Frostburg, Md. 


CAMPBELL, A. R., 
Metuchen, N. J. 


CARDER, FREDERIC R., 
Corning; IN] Y. 


Case,“ W. Wd Rs 


Denver, Colo. 


CERMAK, FRANK, 
116 4th Ave., Schenectady, N. Y. 


Superintendent, West Salem Hol- 
low Brick and Tile Company 

Clay Shop Foreman, Owen China 
Company 

Assistant Superintendent, General 
Ceramic Work, Western Clay 
Manufacturing Company : 

National Fireproofing Company 


Metallurgical Engineer, Carborun- 
dum Company 

Hebron Fire and Pressed Brick 
Company 

General Manager, Edward Ford 
Plate Glass Company 

Chicago Retort and Fire 
Company 

Ceramic Chemist, Roessler and 
Hasslacher Chemical Company 

Superintendent, Terra Cotta De- 
partment, Denny-Renton Clay 
and Coal Company 

Manager, Richmond Kaolin Com- 
pany 

Logan Natural Gas and Fuel Com- 
pany 

General Manager, 
Company 


Brick 


Western Brick 


Instructor in Ceramics, College of 
Mining Engineering, University 
of North Dakota 


Chemist, Cast Iron Enamel Work, 
Cahill Iron Works 


Vice-President and General Man- 
ager, Savage Mountain Fire 
Brick Company 


Federal Terra Cotta Company 


Manager and Chemist, Stuben Glass 
Works 


President and Manager, 
Fire Clay Company 


Denver 


Foreman, Porcelain Works, Gener- 
al Electric Company 


AMERICAN CERAMIC SOCIETY 19 


CHAMBERS, A. R., - 
138 W. State St., Trenton, N. J. 
Cuase, Marcu F., B.Sc., 
Depue, Ill. 


CAMD Jibs 
Findlay, Ohio 
CHORMANN, OTTO IRVING, 
Rochester, N. Y. 
CLAFLIN, W. N., 


Lancaster, O. 
CLARK, ARTHUR B., M.Ar., 


Stanford University, California 


CLARK, JOHN, 
187 Browne Ave., Flushing, N. Y. 
CLARK, THos, W., E.M., (in Cer.), 
Columbus, Ohio 
Cops, Ropert WEEKS, B.Sc., 
Wellesley, Mass. 
CoNKLING, SAMUEL O., 
Philadelphia, Pa. 
CookE, M. E., 
1550 Clifton Ave., Columbus, Ohio 


Corpoy, WILLIAM J., PuH.B., 
4742 Grand Boulevard, Chicago,, Ill. 
CoVan, H. E., 
Cleveland, Ohio 
‘Cowan, Lou A,, 
Houston, Washington County Pa. 
Cox, Hreratp Newton, B.Sc., 
Woodhaven, N. Y. 


CHRISTIANA, EsTAVAN F., 
Keyport, N. J. 


CRAWFORD, EpwArp ANDERSON, B.L., 
Klondyke, Ohio 
Crook, CHARLES M., 
Catskill, N. Y. 
CuttInc, J. WORCESTER, 
Cambridge, Mass. 


DALZELL, WILLIAM FREDERICK,-B.A., 
703 Fifth St., Moundsville, W. Va. 


DEAN, CHARLES A., CR.E., 


Worcester, Mass. 


DENMEAD, WALTER ANGUS, CR.E., 
223 Union St., Schenectady, N. Y. 


De Rosay, D. WARREN, 
Corry, Pa. 


Fire Brick Manufacturer 


General Superintendent, Mineral 
Point Zinc Company; Greendale 
Plant 


Hancock Brick and Tile Company 
Chemist, The Pfaudler Company 
Lancaster Leather Board Company 


Head Department of Graphic Arts, 
Leland Stanford Junior Univer- 
sity 

Superintendent, New York Archi- 
tectural Terra Cotta Company 


Teacher in Chemistry, Wellesley 


High School 
Superintendent, Conklin g-Arm- 
strong Terra Cotta Company 
Studio for Archtectural Sculpture 


American Terra Cotta and Ceramic 
Company 
Price Electric Pyrometer Company 


Chief Chemist and Division Super- 
intendent, Lalance and Grosjean 
Manufacturing Company 

Architectural Tile and Faience 
Company 

Superintendent, Smith-Phillips 

China Company 


Tidewater Paving Brick Company 


Superintendent, A. H. Hews and 
Company, Incorporated 


General Foreman, Hazel Atlas Glass 
Company 

Research Department, Norton Com- 
pany 

Assistant to Engineer of Insulation, 
General Electric Company 


General Manager, Corry Brick and 
Tile Company 
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DeVoe, CuHaAs. H., 
Old Bridge, N. J. 


DicKEY, FRED L., 


200 New York Life Bldg., 
Kansas City, Mo. 


Dogsins, T. Monroe, 
Camden, N. J. 
DornBAacH, Wo. E., 
Auburn, Pa. 
Dyer, BRAINERD, A.B., B.S., 
Cleveand, Ohio 
Easton, H;.-D:, 
430 Transylvania Park, Lexington, Ky. 
EBINGER, Davip Hueco, M.E., 
Columbus, Ohio 
Epcar, Davip RAYMOND, 
Metuchen, N. J. 
ELLERBECK, Wm. Leon, D.D.S., 
703 Boston Bldg., Salt Lake City, Utah 
EMLEY, WarREN E., B.S., Cu.E., 
40th and Butler Sts., Pittsburgh, Pa. 
ESKESEN, BENNET K., 
Matawan, N. J. 
Evatt, FRANK G., 
705 Fulton Bldg., Pittsburgh, Pa. 
BAcCKT, (Gro.2Ps 
Denver, Colo. 
FALKENEBURG, M.-J., M-S., 
95 Yesler Way, Seattle, Wash. 


FARREN, Mase C., 


303 B Iroquois Apartments, 
3600 Forbes St., Pittsburgh, Pa. 


FERGUSON, RIcHARD D., 

1700 E St., Lincoln, Nebr. 
FERGUSON, SILAS M., Sr., 

West 4th St., E. Liverpool, Ohio 
FisHER, BEN S., 

Union Furnace, Ohio 
FisHER, Dovuctas J., 

Sayreville, N. J. 
FOERSTERLING, Hans, PH.D., 

100 William St., New York, N. Y. 
Forp, BERGEN G., 

Philadelphia, Pa. 
ForsteAe Dis bss 

Trenton, N. J. 
Forst, DANIEL Parry, A.B., 

73 N. Clinton Ave., Trenton, N. J. 


Assistant Superintendent, Old 
Bridge Enameled Brick and Tile 
Company 

General Manager, W. S. Dickey 
Clay Manufacturing Company 


Secretary and Treasurer, Camden 
Pottery Company 

Superintendent, Auburn Shale 
Brick Company 

Head of Publicity Division, Na- 
tional Carbon Company 

Kentucky Geological Survey 


Superintendent, D. A. Ebinger Sani- 
tary Manufacturing Company 
Assistant General Manager, Edgar 
Brothers’ Company 

Manager, Nephi Plaster and Manu- 
facturing Company 

Assistant Chemist, Bureau of Stan- 
dards 

Superintendent, N. J. Mosaic Tile 
Company 

District Manager, 
Company 

General Manager, 
Cotta Company 

Falkenburg & Laucks, Consulting, 


Atlantic Terra 


Denver Terra 


Analytical, Inspecting Chemists 
and Engineers 
Instructor in Ceramics, Carnegie 


Institute of Technology 
Treasurer, Yankee Hill Brick Co. : 


Superintendent, Columbus Brick 
and Terra Cotta Company 


Sayre and Fisher Company 


Second Vice President, Roessler- 
Hasslacher Chemical Company 


Conkling-Armstrong Terra Cotta 
Company 

President, Robertson Art Tile Com- 
pany 

Robertson Art Tile Company 
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Foster, JAMES H., 
Buffalo, N. Y. 
FRASER, W. B., 
Wilson Bldg., Dallas, Texas 
FREEMAN, ALF. S., 
Steubenville, Ohio 
Frericus, Wm. D., 
111 Broadway, New York, N. Y. 
FUHRMANN, FRANK J., 
3221 California Ave., St. Louis, Mo. 
FuLLER, RALPH L., 
Cleveland, Ohio 
FuLrper, W. H.., 
Flemington, N. J.. 
FuLTon, CLARENCE Epwarp, CR.E., 
Creighton, Pa. 
GALLOWAY, WALTER B., B.S., (in 
mrch: ys 


Walnut and 32nd St., 
Philadelphia, Pa. 


*GALLOWAY, WILLIAM, 
3215 Walnut St., Philadelphia, Pa. 
GARRISON, AMOS, 
Pocatello, Idaho 
Gates, A. W., 
Monmouth, Ill. 
Gates, Major E., 
Terra Cotta, Ill. 
Gates, NEIL H., 
People’s Gas Bldg., Chicago, Ill. 


Gates, WILLIAM P., 
Terra Cotta, Il. 
Gitt, A. DANvER, B.A., 


South San Francisco, Cal. 


GLADDING, AuGUstTUS L., ‘B’Sc., 
Lincoln, Calif. 
Goprrey, Lypia B., Pu.B., 
Grand-View-on-Hudson, N. Y. 
GoLDING, CHARLES E., 
Rear 217 S. Warren St., Trenton, N. J. 
Goop, Ratpu E., 
Patton, Pa. 
GRAINGER, ALFRED C., 
801 Stuyvesant Ave., Trenton, N. J. 
GRANT, Henry W., Cr.E., 
St. Marys, Pa. 
Green, J. L., CE, 
St. Louis, Mo. 
* Died October, 1918. 


Vice President and Treasurer, The 
Republic Metalware Company 


President, Fraser Brick Company 


Secretary-Treasurer-Manager, Free- 
man Fire Brick Company 


Federal Terra Cotta Company 


Student, School of Ceramics, Uni- 
versity City 

Partner, Harshaw, Fuller and Good- 
win Company 

Secretary and Treasurer,’ Fulper 
Pottery Company 

Pittsburgh Plate Glass Company 

Terra Cotta 


President, Galloway 


Company 


Manufacturer of Terra Cotta 
Farmers and Traders Bank 


General Manager, Monmouth Min 
ing and Manufacturing Company 

Superintendent, American Terra 
Cotta and Ceramic Company 

Secretary and Treasurer, American 
Terra Cotta and Ceramic Com- 
pany 

American Terra Cotta and Ceramic 
Company 


Analytical Chemist and Ceramist to 
the Steiger Terra Cotta and Pot- 
tery Company 

Gladding, McBean and Company 


Director, Glen Tor Keramic Studio 


Manager, Trenton Department of 
Golding Sons Company 
Superintendent, Geo. S. Good Fire 
Brick Company 
Secretary-Treasurer and Manager, 
Greenwood Pottery Company 
Elk Fire Brick Company 


President, Laclede-Christy Clay 
Products Company 
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GREENER, G. C., E.M. (in Cer.), 
Boston, Mass. 
GreEcor!I, JoHN N., 
Chicago, Ill. 
Grecory, M. E., 
Corning, N. Y. 
GRUEBY, WILLIAM H., 
Boston, Mass. 
GUASTAVINO, RAFAEL, JR., 


The Fuller Bldg., 949 Broadway, 
New York, N. Y 


GUNNIss, WILLIAM HEROLD, 


Black Eagle Club, Great Falls, Mont. 


HAAF, GEORGE, 
1501 Milton Ave., Solvay, N. Y. 
Hai, HerMAN A., Cr.E., 
East Fultonham, Ohio 
Hatt, Rosert T., 
East Liverpool, Ohio 
HAMILTON, JAMES, 
Trenton, N. J. 
Hamitton, W. L., 
Mt. Savage, Md. 
HANDKE, PAUL ALBERT, 
202 E. Daniel St., Champaign, II]. 
HANSEN, ABEL, 
Hords; Naw: 
Harpy, Isaac ERNEST, 
Momence, II. 
Hare, Rost b 
Collinsville, Okla. 
Harker, H. N., 
East Liverpool, Ohio 
HARPER, JOHN LYALL, 
Niagara Falls, N. Y. 
Harris, Cuartes T.., 
Arena Bldg., New York, N. Y. 
Harrop, Cart B., E.M., 
Columbus, Ohio 
Haspurc, JoHN W., 
1119 LaSalle Ave., Chicago, II]. 
HASSLACHER, JACOB, 
100 William St., New York, N. Y. 
Hastincs, Francis N., 
Hartford, Conn. 
HAVILAND, PAuL B., 
45 Barclay St., New York, N. Y. 
HaAworTH, ERASMUS, 
Lawrence, Kans. 


Instructor in North Bennett Street 
Industrial School 

Kiln Burner, Northwestern Terra 
Cotta Company 

Proprietor, Corning Brick, Terra 
Cotta and Tile Company 

President, General, Manager, Grue- 
by Faience Company 

President, The R. Guastavino Com- 
pany 


General Foreman, Pass and Sey- 
mour Incorporated — 

Superintendent, The Kirschner 
Brick Company 

Secretary and Treasurer, Hall 
China Company 

Superintendent. Ideal Pottery of 
Trenton Potteries Company 

Superintendent, Union Mining Com- 
pany 

Student, Ceramic Department, Uni- 
versity of I]linois 

Proprietor and Manager, 
Terra Cotta and S. Works 

Superintendent, Tiffany Enameled 
Brick Company 

Coffeyville Vitrified Brick and Tile © 
Company 

General Manager, Harker Pottery 
Company . 

Chief Engineer, Niagara Falls Hy- 
draulic Power Company - 

New York Manager, Fiske and Com- 
pany, Incorporated 

Assistant Professor, Ceramic En- 
gineering, Ohio State University 

President, John W. Hasburg Com- 
pany, Incorporated 

President, The Roessler and Hass- 
lacher Chemical Compan~v 

Hartford Faience Company 


Fords 


Haviland and Company 


Professor, Geology, Mineralogy and 
Mining, University of Kansas 
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HEIDINGSFELD, RALPH, B.Sc., 
301 E. Tenth Ave., Tarentum, Pa. 
HEILMAN, Karu JoHN, B.S., 
477 E. Market St., Tiftin, Ohio 
HELFRICH, Otis Luioyp, Cr.E., 
Aledo, Ill. 
HENDERSON, H. B., B.Sc., 
1538 N. High St., Columbus, Ohio 
Henry, FRANK R., 
Dayton, Ohio 
mie RCeLL.C., 


401 Vernon Ave., Long Island City, N.Y. 


Hine, Homer H., 
Wellsville, Ohio 

Hipp, RALPH T.., 
Massillon, Ohio 


Hipp, Wo. G., 
Massillon, Ohio 


HticHins, +B..3S., 
Olive Hill, Ky. 
Hoop, B. Mirr.in, A.B., 
Candler Bldg., Atlanta, Ga. 
Hornine, Roy A., 
Rariss: hl: 
Howat, Wa trTER L., Cr.E., 
40th and Butler Sts., Pittsburgh, Pa. 


Howe, RAyMonpD MILLER, 
Alfred, N. Y. 


HUMPHREY, DwicHT ELMER, 
Cleveland, Ohio 

Huott, Epmonp J., 
395 Fourth Ave., New York, N. Y. 


~Hypr, BENJAMIN TALBOT BaspiTT, 
New York City. 


IRELAND, Hartey R., 
Brazil, Ind. 


Irwin, DeWitt D., 
East Liverpool, Ohio 


JACQUART, CHARLES Epwarp, B.S., 
South River, N. J. 


Jasper, Davin W., 
Barberton, Ohio 


Jeppson, GeorceE N., 
286 W. Boylston St., Worcester, Mass. 


JoHNSTON, Ropert Marsu, M.E., 
Rochester, N. Y. 


Pittsburgh Plate Glass Company 


The Schaffer Engineering and 
Equipment Company 
Continental Brick Company 


Superintendent, Pyrometric Cone 
Factory 
Manager, The Dayton Grinding 


Wheel Company 
Assistant Chemist, New York Ar- 
chitectural Terra Cotta Company 
Supertendent, McLain Fire Brick 
Company 


Secretary and General Manager, 
Massillon Stone and Fire Brick 
Company 

President, Olive Hill Fire Brick 
Company 

President, B. Mifflin Hood Brick 
Company 

Student, Ceramic Department, Unt- 
versity of Illinois 

Laboratory Assistant in Ceramics, 
United States Bureau of Stan- 
dards 

Student, Ceramic Department, New 
York School of Clayworking and 
Ceramics 

General Superintendent, Deckman- 
Duty Brick Company 


Vice-President, Houtt Publishing 
Company 
President and General Manager, 


Troegerlith Tile Company 
Assistant Secretary and Superin- 
tendent, Hydraulic-Press Brick 
Company 
Secretary, Potters Supply Company 


Ceramist, American Enameled 
Brick Company 


Kiln Burner, American Sewer Pipe 
Company 


Assistant Superintendent, Norton 


Company 


Ceramic Engineer, Locke Insulator 
Manufacturing Company 
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JUNGE, WILLIAM H., 
Glenview, III. 

Justice, ITHAMAR M., 
Dayton, Ohio 

KANENGEISER, FRED R., 
Bessemer, Pa. 

KARZEN, SAMUEL CHARLES, CR.E., 
Barberton, Ohio 

KEEHN, CLARENCE C., B.A., 
Canandaigua, N. Y. 


KEELER, RuFus B., 
Lincoln, Calif. 

Kenorick, J. Lucius S., 
Williamston, Mich. 

KEPLINGER, RoBERT Barr, A.B., 
Canton, Ohio 


KaipniG. 
New Castle, Pa. 


KIRKPATRICK, F. A., 
504 S. Goodwin St., Urbana, Ill. 
Kocu, CHARLES FREDERICK, 
‘ineinnati, Ohio 
Koon junrus? Jz 
3325 Caroline St., St. Louis, Mo. 
Kocu, WitiiAm H., 
Wheeling Ave., Zanesville, Ohio 
KowLer, WALTER J., 
Sheboygan, Wis. 
Krick, Georce M., 
Decatur, Ind. 
Kriec, Henry F., 


1615 So. Trumbull Ave., Chicago, Ill. 


Kriec, WILLIAM G., 


1120 Chamber of Commerce, 
Chicago, Il. 


LamBIE, JAMES M., B.S., 
Washington, Pa. 


LANDERS, WILLIAM FRANKLIN, 
Indianapolis, Ind. ° 

LARKINS, SAMUEL B., 
Salineville, Ohio 

LA SHELL, Lewis La -PHeo. B. 5 
West Salem, Ohio 

LAUGHLIN, SAMUEL OTT, 
Wheeling, W. Va. 

LAWSHE, C. PERRIN, 
Trenton, N. J. 


Northwestern Terra Cotta Com- 
pany 

Vice-President, Manufacturers 
Equipment Company 

General Superintendent, 
Limestone Company 

American Sewer Pipe Company 


Bessemer 


Secretary and Assistant Manager, 
Liske Manufacturing Company, 
Limited 

Carnegie Brick and Pottery Com- 
pany 


Assistant General Superintendent, 
Metropolitan Paving Brick Com- 
pany 

President and General Manager, 
Universal Sanitary Manufactur- 
ing Company 

Student, Ceramic Department, Uni- 
versity of Ilhinois 

National Sales Company 


Superintendent, Art Pottery 


President, J. M. Kohler and Sons 
Company 


General Manager, 
and Company 


Midland Terra Cotta Company 


Krick, Tyndall 


President, Midland Terra Cotta 


Company 


Vice-President and Assistant Gen- 
eral Manager, Findlay 8) Pot 
Company 


Superintendeent, U. S. Encaustic 
Tile Works 

Superintendent, National China 
Company 


Chemist, Day, Ward and Company 


President and General Manager, 
Wheeling Tile Company 

General Manager, Trent Tile Com- 
pany 
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LayMaAN, F. E., E.M. (in Cer.), 
The Aberdeen, Milwaukee, Wis. 
bimPace, Just, 
Willamina, Oregon 
LEVINGS, GEORGE VAN B., 
619 Arizona St., El Paso, Texas. 
LINDLEY, JACOB, 
Tiltonville, Ohio 
Linpsay, Rosert T., 
Denver, Colo. 


Lioyp, Harry, 
New Salisbury, Ohio 

LocKE, FREDERICK M., 
WactoraeNe = Yx 

Locke, Morron F., 
North Leroy, N. Y. 

LONGENECKER, H.'L., Cr.E., 
Chicago, Ill. 

Loomis, Grorce ALLEN, Cr.E., 
P. O. Box 356, Ft. Dodge, Iowa 


LouTHAN, Ww. B., 
East Liverpool, Ohio 


Lowry, W. H., 
Derry, Pa. 


wens, i fe, 
215 Seventh St., Elmhurst, 
Long Island, N. Y. 


McBEAN, ATHOLL, 


311 Crocker Bldg., San Francisco, Cal. 


McCann, JAMEs S., 
Thornton, W. Va. 

McCrave, J. M.., 
Akron, Ohio 

McDovueat, TAIne G., Cr.E., 
New Castle, Pa. 

McE roy, Roy Harven, Cr.E., 
1930 N. Main St., Dayton, Ohio 

MACKENZIE, WILLIAM G., 
Wilmington, Del. 


MacMicwat1, R. F., 
Auburn, Washington 
MacMicwaet, PaAut S., 
Auburn, Washington ~ 
McNaucuton, Matcotm, M.E., 
Jersey City, N. J. 
Mappock, A. M., Jr., 
Trenton, N. J. 
Mappnock, Henry E., 
Trenton, N. J. 


Chemist, Cutler-Hammer Com- 
pany 

Head Burner, =Pacific Face Brick 
Company 

Mining Engineer 


Riverside Potteries Company 


Superintendent, Denver Pressed 
Brick Company 

Superintendent, Colonial Clay and 
Coal Company 

Manufacturer of Porcelain Insula- 
tors 


Green Engineering Company 


The Vincent Clay Proucts Com- 
pany 
Manager, Louthan Supply Company 


Superintendent, Pittsburgh High 
Voltage Insulator Company 

Vice-President, New York Archi- 
tectural Terra Cotta Company 


Secretary, Gladding, McBean and 
Company 

Superintendent,Thornton Fire Brick 
Company 

District Superintendent, American 
Sewer Pipe Company 


“Universal Sanitary Manufacturing 


Company 

Ceramic Engineer, C. W. Raymond 
Company 

Manager, Golding Sons Company, 
Wilmington, Delaware Depart- 
ment , 

Assistant Manager, Northern Clay 
Company 

President, Northern Clay Company 


Superintendent, Joseph Dixon Cru- 
cible Company 

Vice-President, Thomas Maddock’s 
Sons Company 

With John Maddock Sons Com- 
pany 
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Mappock, JOHN, 

Trenton, N. J. 

MAHUuRIN, FRANK R., Cr.E., 

467 King Ave., Columbus, Ohio 
Mam, ArTHUR T., Cr.E., 

18 Orme St., Worcester, Mass. 
MatscH, WERNER, 

100 Williams St., New York, N. Y. 





Ma.tsy, ALFRED, 

Corning, N. Y. 
Manbte, I., 

Wright Bldg., St. Louis, Mo. 
MANDLE, SYPNEY, 
Wright Bldg., St. Louis, Mo. 
Mawnopier; -CHas, J., Bal; LEB: 
2104 Franklin Ave., Toledo, Ohio 
Manor, JNo. M., 
East Liverpool, Ohio 
Mason, ForTuNATUS Q., 
East Liverpool, Ohio 
MAYER, WALTER STANLEY, B.S., 





Mayor, Rosert, 
Trenton, N. J. 
MrAn, GA. BS Cine ie 
Barberton, Ohio 
*MEAKIN, RopeERT J., 
East Liverpool, Ohio 
ME Lor, F. G., 
Trenton, N. J.. 
METZNER, OTTO, 
Cincinnati, Ohio 
MIDDLETON, JEFFERSON, 
1705 Kilbourne Place N. W., 
Washington, D. C. 
MILLER, Donatp M., 
633 Monmouth St., Trenton, N. J. 
MILLIGAN, FRANK W., 
East Liverpool, Ohio 
Mitts, JAMES W., B.S., 
2201 C St., Granite City, III. 
MINNEMANN, JOHANNES, Cr.E., 
Derry, Pa. 


MONTGOMERY, ROBERT J., Cr.E., 
Creighton, Pa. 





Moore, HERBERT W., 
Tottenville;a owls INO 


* Died February, 1914. 


1520 Third Ave., New Brighton, Pa. 


John Maddock and Sons 


Salesman, Arnold-Creager Com- 
pany 
Ceramic Engineer, Norton Company 


Manager, Ceramic Department, The 
Roessler and Hasslacher Chemi- 
cal Company 

Superintendent, Corning Brick 
Terra Cotta and Tile Company 

Secretary and Treasurer, Mandle 
Clay Mining Company 

Assistant Treasurer, The Mandle 
Clay Mining Company 

President, Allen Filter Company 


Manager, The Golding Sons Com- 
pany 

Mason Color and Chemical Com- 
pany 

Assistant to Manager, Mayer China 
Company 

Foreman, Monument Pottery Com- 
pany 

Manager, Ohio Insulator Company 


Manager, Hall China Company 
Cook Pottery Company 


Superintendent of Manufacture, 
Rookwood Pottery Company 

Statistician, U. S. Geological Sur- 
vey 


Secretary, Crossley Machine Com- 
pany 

General Manager, Electric Porce- 
lain Company 

Chief Chemist, National Ename:- 
ing and Stamping Company 

Pittsburgh High Voltage Insulator 
Company 


Assistant, Clay Research Labora- 


tory, Pittsburgh Plate Glass Com- 
pany : 
Atlantic Terra Cotta Company 
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MoorsHEAD, THOMAS COURTNEY, 
Alton, II. 
Morris, Georce D., Cr.E., 
Grand Lodge, Mich. 
Moses, JAMES, 
Trenton, N. J. 
MunsuHaw, Lampert M., 
North Crystal Lake, II. 
Murray, Gerarp A., Cr.E., 
Revere, Mass. 
Myers, Ratpy E., : 
81 Franklin Ave., East Orange, N. J. 
NEtson, Ipris, A.B., 
135 N. Kellogg St., Galesburg, Ill. 
NIcELY, CHARLES AucustTus, Cr.E,, 
Ginger, Texas 
Nies, FrepErRIcCK Harotp, D.D.S., 
859 Bay Ridge Ave.., Brooklyn, N. Y. 
O’Connor, F. B., C.E.., 
55 Sanford Ave., Flushing, N. Y. 
*OGDEN, LESTER, CR.E., 
Columbus, Ohio 
OrTMAN, FRep. B., Cr.E., 
401 Vernon Ave., 
Long Island City, N. Y. 
OupIn, CHARLES P., 
1323 Third Ave., Spokane, Wash. 
OVERBECK, ELIZABETH G., 
Cambridge City, Ind. 
PATERSON, ALEXANDER, PH.B.,M.A., 
Clearfield, Pa. 
PENFIELD, L. W., 
Willoughby, Ohio 








PENFIELD, R. C., 
Willoughby, Ohio 


PEREGRINE, CLARENCE R., 

411 Washington Ave., Charleroi, Pa. 
PFEIFFER, JACOB, 

718 Bryden Road, Columbus, Ohio 
PHILLIPS, PauL PoWLEss, 

Columbia, Mo. 


PuHiLuips, WILLIAM L., 
609 Haight Ave., Almeda, Cal. 
Pierce, O. W., : 
Olean, N. Y. ; 
Pierce, Rosert H. H., B.A., 


Box 516 Hazelwood, Pittsburgh, Pa. 
* Died January, 1914. 


Chief Engineer, Illinois Glass Com 
pany 

Superintendent, 
Pipe Company 

Mercer Pottery Company 


American Sewer 


Ceramist, American Terra Cotta 
and Ceramic Company 


National Fire Proofing Company 


Ceramic Engineer, Westinghouse 
Lamp Company 

Chemist, Purington Paving Brick . 
Company 

Superintendent, Fraser Brick Com- 


pany 


Civil Engineer 


Ceramic Engineer, New York Ar- 

chitectural Terra Cotta Company 
Manager, American Fire © Brick 
Company 


Overbeck Pottery 


Secretary and Treasurer, Paterson 
Clay Products Company 

Vice-President and Resident Man- 
ager, American Clay Machinery 
Company 

President and General Manager,: 
American Clay Machinery Com- 
pany 

General Superintendent, 
Evans Glass Company 

President, Logan Ciay Products 
Company 

Instructor -in- charge, Department 
of Ceramics, University of Mis- 
souri 


N. Clark and Sons 


Macheth 


Fuller Light Company 


Chief Chemist, Harbison-Walker 
Refractories Company 
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PITcAIRN, WiLLIAMS S., 
44 Murray St., New York, N. Y. 
PLuscH, HERMAN A., B.Sc., 
Perth Amboy, N. J. 
PooLre, JOSHUA, 
Kast Liverpool, Ohio 
Post, Matcotm P., 
Commerce, Mo. 
Poste, Emerson P., B.S., 
Elyria, Ohio 
PoweELL, WILLIAM H., 
200 W. Seventieth St., New York, N.Y. 
PRESTON, FRANCIS C., 
509 Cuyahoga Bldg., Cleveland, Ohio 
Price, F. N., 
Solebury, Bucks County, Pa. 
PRIMLEY, WALTER S., A.B., 
523 Chamber of Commerce, 
Chicago, Il. ; 
*PURINGTON DN 
922 Chamber of Commerce, 
Chicago, Ill. 
PurRINTON, BERNARD S., 
Wellsville, Ohio 
PyaTT, FRANK E., 
Box 233, Matawan, N. J. 
RADCLIFFE, BARNEY S., A.B., 
Urbana,, U1. 
RAINEY, UABs Grn 
Toronto, Ohio 
RAMSAY, ANDREW, 
Mt. Savage, Md. 
RANcKE, Louis’ N., 
218 York St., Baltimore, Md. 
RANDALL, JAMES E., 
Indianapolis, Ind. 
RANDALL, THEODORE A., 
Indianapolis, Ind. 
RATHJENS, GEORGE WILLIAM, B.S., 
Cakes 
St. Paul, Minn. 
RAYMOND, GeEorGE M., 
1511 Grand Ave., Dayton, Ohio 
REA, WILLIAM J., 
Buffalo, N. Y. 
REED, Cuas. S., ; 
832 W: Adams St., Chicago, Ill. 
Rees, THomMAs ANTHONY, CRr.E., 
Aultman, Ohio 


‘ 


* Died March, 1914. 


Importer of China and Earthen- 
ware 


Chief Ceramic Chemist, 
Terra Cotta Company 


Manager, Homer Laughlin China 
Company 


Superintendent, Post Brothers 


Atlantic 


Chemist, The Enameled Pipe and 
Engineering Company 
President, Atlantic Terra 

Company 


Vice-President and Sales Manager, 
Dover Fire Brick Company 


Holophane Glass Company 


Cotta 


Secretary and Treasurer, Midland 
Terra Cotta Company 


Chairman, “Bo arid of > Directors, 
Purington Paving Brick Company 


United States Pottery Company 


Superintendent, New Brunswick 
Tile Company 

Instructor in Ceramics, University 
of Illinois 


American Sewer Pipe Company 
The Andrew Ramsay Company 


General Manager, Vulcan Fire 
Brick Company 


Junior Editor, Clayworker 
Editor, Clayworker 


Superintendent, Twin City Brick 
Company 

General Manager, C. W. Raymond 
Company 

Superintendent, Buffalo 
Company 

President. Chicago Retort and Fire 
Brick Company 

Assistant. Manager, 
Company 


Pottery 


ie el Ba rte 
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REYNOLDS, Pierce B., A.B., 

433 Wyoming Ave., Wilkes-Barre, Pa. 
RHEAD, FREDERICK HURTEN, 

Santa Barbara, Calif. 
RICHARDSON, ERNEST, 

Beaver Falls, Pa. 


Rivers, WILLLIAM EDWARD, 

Old Bridge, N. J. 
RoBERTSON, CADMON D., 

18 Summer St., Keene, N. H. 
ROBERTSON, FRED. H., 

809 N. Alvarado St., Los Angeles, Cal. 
ROBINEAU, S., 

108 Pearl St., Syracuse, N. Y. 
RoBINSON, GEORGE RAYMOND, 

New Brunswick, N. J. 
Rostnson, Louis G., M.E., 

Fourth and Park Avenues, Newport, Ky. 
ROCKHOLD, KENNETH EDWARD, 

916 W. California St., Urbana, IIl. 
Ropcers, EBEN, 

Alton, Ill. 
ROESSLER, FRANZ, 

39 High St.., Perth Amboy, N. J. 
Rocers, GrReGorY L., 

2350 Ellsworth St., Oakland, Calif. 
Rose, ARTHUR VEAL, 

11 E. Thirty-sixth St., New York, N.Y. 
RUSOFF, SAMUEL, 

680 Franklin Ave., Columbus, Ohio 
Ryan, JOHN J B:5., 

Perth Amboy, N. J. 
SANDERS, JOHN W., 

Moundsville, W. Va. . 
SANT, JOHN, 

East Liverpool, Ohio 
SANT, THOMAS HERBERT, 

East Liverpool, Ohio 
SAUNDERS, WILLIAM Epwarp, B.S., 

E.M., 

1401 Arch St., Philadelphia, Pa. 
SCHACHTED, S:-H., Cr.E., 

Coffeyville, Kansas 
SCHURECHT, Harry GEORGE, 

105 Springfield Ave., Champaign, Ill. 


Scott, RICHARD, 
92 Prospect St., Trenton, N. J. 


SEAVER, KENNETH, S.B., 
Pittsburgh, Pa. 


Secretary - Treasurer, 
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Treasurer, Dorrance Terra Cotta 


Company 
President, Rhead Pottery 


Vice-President and Treasurer, In- 
-gram-Richardson Manufacturing 
Company 

Vice-President, Old Bridge Enam- 
eled Brick and Tile Company 

Superintendent, J. S. Taft and Com- 
pany, Art Potters 


Los Angeles Press Brick Company 


President, Keramic Studio Publish- 
ing Company 

Student, Ceramic Department, Rut- 
gers College 


Student, Department of Ceramics, 
University of Illinois 

Secretary and Treasurer, 
Brick Company 


Alton 


California Pottery Company 


General Manager, Haviland and 
Company 

Student, Ceramic Engineering, Ohio 
State University 

Ceramic Engineer, 
Proofing Company 

Enameler, United States Stamping 
Company 

President, The John Sant and Sons 
Company 


National Fire 


The 
Sant and Sons Company 


Engineer, United Gas Improvement 
Company 


John 


Ludowici-Celadon Company 


Student, Ceramic Department, Uni- 
versity of Illinios 
Monument Pottery Company 


Assistant General Sales Manager, 
Harbison - Walker Refractories 
Company 
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. 
SEBRING, CHARLES L., 
Sebring, Ohio 
SHARKEY, SAMUEL MILLER, 
564 EK. State St., Trenton, N. J. 
SILVERMAN, ALEXANDER, PH.B.,A.B., 
MiSs 
Pittsburgh, Pa. 
SINCLAIR, HERBERT, 
Trenton, N. J. 
SINGER, Uioe Ps 
Lincoln, Calif. 
SmitTH, ALBERT E., 
Trenton, N. J. 
SmitH, AMEDEE M., 
Portland, Oregon 
SmitH, Harry W., 
314 Smith St., East Liverpool, Ohio 
SmitH, JAMES M., 
New Castle, Pa. 
SmitH, NorMAN G,, 
Brunswick, Me. 
SmiItTH, Perry A., 
New Brighton, Pa. 
SoLon, ALBERT L., 
Fairfax, Calif. 
Soton, Marc, 
Trenton, N. J. 
SpEIR, Harry F., 
Lewiston, Pa. 
SPIKER, JOHN A., 
Pocatello, Idaho 
SPRINGE, OTTO, 
Galesburg, I]. 
SpROAT, IRA E., 
1505 W. Second St., Dayton, Ohio 
STAMM, JOHN, 
859 Ohio Ave., E. Liverpool, Ohio 
STANGL, MartTIN, 
Elgin, Ill. 
StaupT, AUGUST, 
Perth Amboy, N. J. 


STERN, NEwTon W., 
Richmond, Calif. 


STEVENS, Doucias F., M.E., 
Cayuga, Indiana 

STouT, WILBER, 
Columbus, Ohio 


STOWE, CHARLES Brown, 
Cleveland, Ohio 


General Manager, Sebring Pottery 
Company 

Student, Ceramic Depaitment, Rut- 
gers College 

Acting Director, Department of 
Chemistry, University of Pitts- 
burgh 

General Manager, 
Company 

Chemist, Gladding, 
Company 

Foreman, Electric Porcelain Com- 
pany 

President, Western Clay Manufac- 
turing Company 

Representative, Roessler and Hass- 
lacher Chemical Company 

Treasurer, Shenango Potery Com- 
pany 

Treasurer and General Manager, 
Maine Feldspar Company 

Secretary, A. F. Smith Company 


Star Porcelain 


McBean and 


Arequipa Pottery 


General Manager and Secretary 
Mercer Pettery Company 
Superintendent, Pennsylvania Pul- 
verizing Company 
General Manager, 
Brick Company 
Purington Paving Brick Company 


Idaho Pressed 


Chemist, Dayton Grinding Wheel 
Company 

Superintendent, The Croxall Chem- 
ical and Supply Company 


Haeger Brick and Tile Company 


Treasurer and General Manager, 


Ostegaard Tile Works 
Secretary and Treasurer, 
Porcelain Ware Company 


Pacific 


Superintendent, Acme Brick Com- 
pany 
Geological Survey of Ohio 


President, National Fire Brick 


Company 
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Swat, PHAon H., 
Trenton, N. J. 
TATTON, JOSEPH, 
206 Academy St., Trenton, N. J. 
*TAYLoR, WILLIAM Warts, 
Cincinnati, Ohio 
TEETOR, PAUL, 
University of Kansas, Lawrence, Kan. 


TEFFT, CHARLES Forrest, B.S. (in 
Cer), 
Ridgeway, Pa. 
TrEFFT, THoMAS DwicHhrT, 
Alfred, N. Y. 


TEIPER, JOHN Epwarp, 
195 Richmond Ave., Buffalo, N. Y. 
THOMAS, CHAUNCEY RAPELJE, 
Essex St., Boston, Mass. 
Tuomas, Davip C., 
Wellsville, Ohio 
THOMAS, GEorcE E., 
St. Louis, Mo. 
THOMAS, GEORGE W., 
East Liverpool, Ohio 


THRALL, CHarRLEs U., 

OL CCM Wades ei. 1. Vis 
Tittotson, Epwin W., Jr, B.A., 

Pu. D, 

Pittsburgh, Pa. 
TIMMERMAN, WALTER F-., 

Kansas City, Kansas 
Tone, FRANK J., 

Niagara Falls, N. Y. 
TOWNSEND, EVERETT, 

844 Bellevue Ave., Trenton, N. J. 
TRAUTWEIN, J. O., 

417 S. Dearborn St., Chicago, II]. 
TRUMAN, Galt R., 

5801 Manchester Ave., St. Louis, Mo. 
Turner, A. M., M.E., 

Sciotoville, Ohio 
Van ScHOIK, ELMER Hotmes, B.S., 


GusCers)s 
Box 166, Ottawa, Ill. 


Voprey, WILLIAM E., 
East Liverpool, Ohio 
VOLLKOMMER, JOSEF, 
Empire Bldg., Pittsburgh, Pa. 
* Died November, 1913. 
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Assistant Superintendent, Trenton 
Fire Clay and Porcelain Company 


Trenton Potteries Company 


President, Rookwood Pottery Com- 
pany 
State Geological Survey 


Ridgeway Brick Company 


Student, Ceramic Department, New 
York State School of Claywork- 
ing and Ceramics 


Superintendent, Jewettville Brick 
Company 

Po. P..| nomas 

Ceramic Chemist, U. S. Pottery 


Company 
General Superintendent, Highlands 
Fire Clay Company 
President and General Manager, 
The R. Thomas and Sons Com- 
pany 
Superintendent, 
Cotta Company . 
University of Pittsburgh 


Atlantic Terra 


Superintendent, Western Terra Cot- 
ta Company 

Works Manager, Carborundum 
Company 


General Manager, Robertson Art 
Tile Company 
President, Trautwein Dryer and 


Engineering Company 

Ceramic Chemist, St. Louis Terra 
Cotta Company 

Superintendent and Treasurer, Sci- 
oto Fire Brick Company 

Chicago Retort and Fire 
Company 


Brick 


General Manager, Vodrey Pottery 
Company 


President and Manager, The Vitro 
Manufacturing Company 
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Voiz, WILLIAM J., 
St. Louis, Mo. 
WAGNER, FRITZ, 
1000 Clybourn Ave., Chicago, IIl. 


WAGNER, Fritz, JR., B.S.; 
2525 Clybourn Ave., Chicago, Ill. 
WALKER, CHARLES HENRY, 
401 Vine St., East Liverpool, Ohio 
WALKER, F. Wo., Jr,, B.S.(in M.E.) 
Beaver Falls, Pa. 
WALLACE, FRANK M., 
Chicago Heights, I11. 
WALTON, SAMUEL FoRMAN, 
Station A, Ames, Iowa 


WANKA, F4.0):, 


Los Angeles, Calif. 


Wen eae VWs5 
628 E. Main St., Latrobe, Pa. 


WEIGEL, CHARLES, 
Hebron, N. Dak. 
WELLS, Harry B., 
Canton, Ohio 
WHEAT, Howarp IL, 
987 Sterling Place, Brooklyn, N. Y. 
WHITAKER, FReEp. A., 
Keasbey, N. J. 
WHITFORD, WILLIAM 
PH-BGn-Cer:), 
Chicago, Ill. 
Wuitme_r, J. D., Cr.E,, 
9 Ball St., Zanesville, Ohio 
WHITTAKER, JOHN L., 
East Boston, Mass. 
Wiper, THomAsS MILTON, 
Ravinia, Ill. 
WILL, Otto. W., 
Perth Amboy, N. J. 


GARRISON, 


WILLIAMS, ARTHUR E., 
Urbana, Ill. 


WILLIAMS, Ira A., M.Sc., 


Corvalis, Oregon 


Witson, GEorcE P., 
Steubenville, Ohio 


Witson, Hewitt, Cr.E., 
Auburn, Washington 


Superintendent, Evens and Howard 
Fire Brick Company 

Vice-President and Treasurer, The 
Northwestern Terra Cotta Com- 


pany 

Assistant Superintendent, North- 
wesern Terra Cotta Company 

Assistant Superintendent, Homer 

Laughlin China Company 
Superintendent, Beaver Falls Art 


Tile Company 


Student 

> College 

Manager, Stockton Fire and Enamel 
Brick Company 


in Ceramics, Iowa State 


Assistant Superintendent,  Pitts- 
burgh High Voltage Insulator 
Company 


President, Hebron Fire and Pressed 
Brick Company 

Superinendent, Belden Brick Com- 
pany 

Vice-President, New York and New 
Jersey Brick Company 

Assistant Superintendent, German- 
American Stoneware Works 

Instructor in Design and Ceramic 
Art, University of Chicago 


American Encaustic Tile Company 


Superintendent, New England Pot- 
tery Company 
Proprietor, Wildwood Shop 


Superintendent, Color Department, 
Roessler and Hasslacher Chemi- 
cal Company 


Ceramic Department, University of 
Tllinois 


Professor Ceramics, Oregon School 
of Mines, Ceramist, State Bureau 
Mines and Geology 


Ceramic Chemist, Northern Clay 


Company 
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WortTH, S. Harry, President, Pennsylvania Feldspar 

706 Franklin Bank Bldg., Company 
Philadelphia, Pa. 

YATES, ALFRED, General Manager, Shawmut Paving 
Shawmut, Elk County, Pa. Brick Company 

YEARSLEY, Howarp S., - Manager, Electrical Porcelain and 
304 State St., Camden, N. J. Manufacturing Company 

YouNG, GeEorcE F., Manager, Roseville Pottery Com- 
Zanesville, Ohio pany 

Younc, RuSSELL Twics, Foreman, Roseville Pottery Com- 
Zanesville, Ohio pany 

Younc, SAMUEL Ecc tes, C.E., Aid, Bureau of Standards 


3451 California Ave., N. S., 
Pittsburgh, Pa. 


YOWELL, JoHN BENNETT, Ridgeway Brick Company 
Falls Creek, Pa. 
ZoPFI, ALBERT S., Secretary and Treasurer, Buckeye 


Toledo, Ohio Clay Pot Company 


RULES OF THE SOCIETY 
[Revised 1911] 
I 
OBJECTS 
The objects of the American Ceramic Society are to promote the 
arts and sciences connected with ceramics by means of meetings for 


the reading and discussion of professional papers, the publication of 
professional literature, and for social intercourse. 


II 
MEMBERSHIP 


The Society shall consist of Honorary Members, Active Members, 
Associate Members and Contributing Members. 

Honorary members must be persons of acknowledged profession- 
al eminence, whom the Society wishes to honor in recognition of their 
achievements in ceramic science or art. Their number shall at no 
time exceed two percent of the combined active and associate mem- 
bership. 

Active members must be persons competent to fill responsible 
positions in ceramics. Only Associate Members shall be eligible to 
election as Active Members, and such election ‘shall occur only in 
recognition of attainments in the field of ceramics, and interest in the 
Society, as evidenced by papers or discussions contributed to its 
meetings. 

Associate Members must be persons interested in ceramics or 
allied arts. 3 

Contributing Members must be persons, firms, or corporations 
who, being interested in the Society, make such financial contributions 
for its support as are prescribed in Section 3. | 

Honorary Members shall be nominated for election by at least 
five active members, and approved by the Board of Trustees. Their 
nomination shall be placed before the Society at an annual meeting, 
and to be elected they must receive the affirmative vote of at least 90 
percent of those voting, by letter ballot, at the next succeeding annual 
meeting. 

To be promoted to active membership, Associate Members must 
be nominated in writing by an Active Member, and must be seconded 
by not less than two other Active Members, and must be approved 
by the Board of Trustees. Their nomination shall be accompanied by 
a statement of their professional qualifications and a list of their 
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publications, if any. Their nominations, when approved by the Board 
of Trustees, shall be placed before the Society at an annual meeting, 
and to be elected they must receive the affirmative vote of not less 
than 75 percent of those voting, by letter ballot, at the next suc- 
ceeding annual meeting. 

A candidate for Associate Membership must make application 
upon a form, prepared ‘by the Board of Trustees, which shall contain 
a written statement of the age and professional experience of the 
candidate, and a pledge to conform to the laws, rules and requirements 
of the Society. Such applications must be endorsed by two Active 
Members of the Society as sponsors, and must be approved by the 
Board of Trustees.. The Board may act by letter ballot upon such 
application at any time, after which an approved candidate may be 
enrolled on the proper list of the Society upon payment of the fees 
and dues prescribed in Section 3. 

Contributing Members shall be nominated by an Active Member, 
and approved by the Board of Trustees, and may be enrolled on the 
proper list of the Society at any time upon payment of the dues pre- 
scribed mm Section. 3. 

All Honorary Members, Active Members, Associate Members, 
and Contributing Members shall be equally entitled to the privileges 
of membership, except that only Active Members shill be entitled to 
vote and hold office. The roster of each grade of membership shall 
be printed separately, in at least one publication issued by the Society 
annually. Any person may be expelled from any grade of the mem- 
bership of the Society if charges signed by five or more active mem- 
bers are filed against him, and a majority of the Board of Trustees 
examines into said charges and sustains them. Such person, however, 
shall first be notified of the charges against him, and be given a rea- 
sonable time to appear before the Board of Trustees, or present a 
written defense, before final action is taken by the Board of. Trustees. 


III 
DUES 


Honorary Members shall be exempt from all fees or dues. 

The initiation fee of Active Members shall be ten dollars, and if 
not paid within three months after the date of their election, the latter 
shall be null and void. The annual dues for Active Members shall be 
fixed by the Board of Trustees, and shall not exceed ten dollars. 

The initiation fee of Associate Members shall be five dollars, and. 
their annual dues shall be fixed by the Board of Trustees, but shall 
not exceed five dollars. The privileges of Associate Membership after 
election shall begin upon payment of the initiation fees, and dues for 
the first year. 
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Contributing Members shall pay no initiation fee into the Society. 
Their annual dues shall be fixed by the Board of Trustees, but shall 
not exceed twenty-five dollars. The privileges of membership shall 
begin upon payment of the annual dues. 

Any Active Member or Associate Member in arrears for over one 
year may be suspended from membership by the Board of Trustees, 
until such arrears are paid, and in event of continued dereliction, may 
be dropped from the rolls. Active Members in arrears are not eligible 
to vote. The annual dues of Active and Associate Members are pay- 
able within three months succeeding date of annual meeting. 


IV 


OFFICERS 


The affairs of the Society shall be managed by a Board of Trus- 
tees, consisting of a President, Vice-President, Secretary, Treasurer 
and three Trustees, who shall be elected from the Active Members 
at the annual meeting, and hold office until their successors are elected 
and installed. 

The President, Vice-President, Secretary and Treasurer shall be 
elected for one year, and the Trustees for three years; and no Presi- 
dent, Vice-President, or Trustee shall be eligible for immediate re- 
election to the same office. 

The duties of all officers shall be such as usually pertain to their 
offices, or may be delegated to them by the Board of Trustees or the 
Society; and the Board of Trustees may, at its discretion, require 
bonds to be furnished by the Treasurer. 

Vacancies in any office shall be filled by appointment by the 
Board of Trustees, but the new incumbent shall not thereby be ren- 
dered ineligible to re-election at the next annual meeting to the same 
office. On the failure of any officer to execute his duties within a 
reasonable time, the Board of Trustees, after duly warning such offi- 
cer, may declare the office vacant, and appoint a new incumbent. 

A majority of the Board of Trustees shall constitute a quorum, 
but the Board of Trustees shall be permitted to carry on such busi- 
ness as it may desire by letter. 


V 
ELECTIONS 


At the annual meeting, a Nominating Committee of five Active 
Members, not officers of the Society, shall be appointed, and this 
committee shall send the names of the nominees to the Secretary at 
least sixty days before the annual meeting who shall immediately 
forward the same to the Active Members. Any other five Active 
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Members may act as a self-constituted Nominating Committee, and 
also present the names of any nominees to the Secretary, provided it 
is done at least thirty days before the annual meeting. The names of 
all nominees provided their assent has been obtained, shall be placed 
on the ballot without distinction as to nomination by the regular or 
self-constituted Nominating Committee, and shall be mailed to every 
member, not in arrears, at least twenty days before the annual meet- 
ing. The ballot shall be enclosed in an inner blank envelope, and the 
outer envelope shall be endorsed by the voter, and mailed to the Sec- 
retary. The blank envelopes shall be opened by three scrutineers ap- 
pointed by the President, who will report the result of the election at 
the last session of the annual meeting. A plurality of votes cast shall 
elect. 


VI 
MEETINGS 


The annual meeting shall take place on the first Monday in Feb- 
ruary, or as soon thereafter as can be conveniently arranged, at such 
place as the Board of Trustees may decide, at which time a report 
shall be made by the Board of Trustees, Treasurer and scrutineers of 
election, and the accounts of the Treasurer shall be audited by a com- 
mittee of three, appointed by the President. Ten Active Members 
shall constitute a quorum at any regular meeting, and a majority shall 
rule unless otherwise specified. 

The order of business at the annual meeting shall be: 

President’s address. 

Reading of minutes of last meeting. 

Reports of the Board of Trustees and Treasurer. 
Appointment of committees. 

Old business. 

New business. 

Reading of papers. 

8. Announcement of election of officers, Honorary and Active 
Members. 

9. Installation of officers and new members. 

10. Adjournment. . 

Other meetings may be held at such time and places during the 
year as the Board of Trustees may decide, but at least twenty days’ 
notice shall be given of any meeting. 

The President shall appoint at the annual meeting a committee of 
five, to be known as the Summer Meeting Committee, whose duty it 
shall be to arrange for a summer excursion meeting at some suitable 
point. The expenses of the Summer Meeting Committee in arranging 
the program of visits and for printing, rooms and facilities for meet- 
ings, shall be borne by the Society. 
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VII 


PUBLICATIONS 

The Board of Trustees shall employ, at suitable compensation, 
an Active Member of the Society as Editor of its publications. The 
Editor, together with the Secretary and Treasurer, shall constitute a 
Publication Committee. The Publication Committee shall provide for 
the publication of an annual volume, entitled “Transactions of the 
American Ceramic Society.” This volume shall contain a list of the 
officers, a list of members of the Society, classified into grades, a list 
of the ex-Presidents, the dates and location of meetings, the annual 
report of the Board of Trustees and Treasurer, the list of prices of 
the publications of the Society, the rules of the Society, and any other 
matter pertaining to the business administration of the Society that 
the Publication Committee may think proper. It shall also contain 
such of the papers and discussions thereon as the Publication Com- 
mittee may consider desirable, and each volume shall contain a list 
of the papers and discussions and an index. The volume shall be six 
inches wide by nine inches long, and part of the issue shall be bound 
in paper covers and part in cloth binding. The quality of the paper, 
the kind of type, the illustrations, and all other mechanical details of 
the printing and publishing of the books or reprints shall be in the 
hands of the Publication Committee, subject to the control of the 
Board of Trustees. 

The acts and policies of the Publication Committee shall at all 
times be subject to the examination and approval of the Board of 
Trustees, but the Board shall be bound by contracts entered into by 
the Publication Committee in the name of the Society. The Publica- 
tion Committee shall have full power and authority to decide what 
papers and discussions to publish, which discussions shall be germane 
to the subject matter, and in what order they shall be published, and 
in what manner and to what extent they shall._be illustrated. In 
event that the Board of Trustees shall undertake the publication of 
some other matter or book than the Transactions, the Publication 
Committee shall act in the same capacity for that publication as in 
the publication of the annual volume of the Transactions. 

One copy of the paper-bound edition of the Transactions shall be 
sent prepaid to each member of the Society not in arrears. Members 
desiring cloth-bound copies will be furnished them in place of the 
paper-bound copy at an increased cost for the binding. No member 
shall be furnished more than one copy of the Transactions free for 
any single year. Members cannot purchase extra copies of the Trans- 
actions at less than the current commercial rates. A member shall be 
permitted to purchase one complete file of the jpublications of the 
Society at less than the current commercial rate, the amount to be 
fixed by the Publication Committee and called the Member’s rate. 
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The Secretary shall have the custody of all publications of the 
Society, shall keep them safely stored and insured, and shall sell these 
volumes to the public at prices which shall be fixed by the Publica- 
tion Committee for each new volume as issued. The Publication 
Committee shall also, from time to time, fix the price of the old vol- 
umes remaining unsold, and shall have authority to refuse to sell the 
old volumes of the Transactions except in sets, at such time as the 
quantity remaining of any number becomes so small, as in their judg- 
ment to warrant such action. 

The Editor shall request the author of each article appearing in 
the Transactions of the Society to fill out and sign, within a definite 
time limit, a blank form, specifying the number of reprints of said 
article, if any, which he desires. This form shall contain a table from 
which can be computed the approximate cost at which any reprints 
will be furnished. In event that the expense of furnishing the desired 
number of reprints is large, the Publication Committee may require 
the author to pay in advance for part or all of the cost involved be- 
fore the publication of the reprints is begun. On receipt of such 
signed order within the time limit set, the Editor shall cause to have 
printed the desired number of copies. If the author makes no reply, 
or replies after the time limit has expired, then the Society will not 
be responsible for the publication of any reprints of the article in 
question, except at the usual market price for the printing of new 
matter. 

No one shall have the right to demand the publication of an 
article independent of the discussion which accompanied it, and no 
one having taken part in a discussion upon an article shall be entitled 
to order reprints of the discussion separately and apart from the ar- 
ticle itself. 

The Society is not, as a body, responsible for the statements of 
facts or opinions expressed by individuals in its publications. 


VIII 
PARLIAMENTARY STANDARD 


Roberts “Rules of Order” shall be the parliamentary standard on 
all points not covered by these rules. 


ies 
AMENDMENTS 


To amend these rules, the amendment must be presented, in writ- 
ing, at the annual meeting of the Society, and must be printed on the 
ballot for officers and sent out not less than twenty days in advance 
of the next annual meeting, and if the said letter ballot shows an 
affirmative vote of not less than two-thirds of the total vote cast, then 
the same shall be declared carried. 


¥ PUBLICATIONS 


The following is a list of the volumes published by the Society 
and the prices at which they are for sale to the general public: 


Description of volume. Bound in Bound in 








paper. cloth. 

Vola: 1899, (Wd 0spac@esoces see $4.00 $4.75 
Vol Ll: 1900, 278 pagese.. =) eee 4.00 4.75 
Violorhh 1901. 238 WaAPeSe. weenie atone 4.00 4.75 
Vol Lvs 1902, (300UDa Ses i. cee aan 4.00 4.75 
Viol: Va 1903, 420: paces. .e eee 5.00 5.75 
Voli Vi.’ 490%. 878: pacests sas eee 4.00 4.75 
Vol. VII. 1905, 6454 pares... 4.00 4.75 
VoleVille “1906 3 Alie pages. Spee 4.00 4.75 
Viol EX: -< oop esOsapaccee a an sare 5.00 5.75 
ViOlreNe 1908, S82" Da eS. are ener 5.00 ps 
Volseel, 1909, 632 pages... 5.50 6.25 
Vol. XII.) 1910s) s82enaves-. 5.50 6.25 
Vol XITL. 1ST S6s37 paccse eee 5.50 6.25 
Voli XLV. “112 S888 spaces. eee D0 6.25 
Vol. XW: LOUS,.. “(CAV Apareste, oa aes 5.50 6.25 
Vol. XVI. 1914, Dae Cor ce eae ae 5.50 6.25 
Complete Sets c..-ae ee re ee ee $76.00 $88.00 


The Board of Trustees established in the beginning a differential 
between members of the Society and others, in the matter of prices 
to be paid for copies of the Proceedings. This differential has been 
changed from time to time as volumes have grown scarcer and sales 
increased. The present arrangement, which will stand until March 1, 
1915, allows a straight discount of 40 percent to members in good 
standing. Members in arrears are not furnished copies of the volume 
for the current year, nor allowed the discount for the older publica- 
tion. Members are also not permitted to purchase more than one full 
set of the publications at members’ rates. The care and sale of the 
Publications has been transferred to the Publication Committee, 
which reserves the right to change the discount from time to time on 
any one volume or on all, as may be necessary. 


The number of copies of the earlier volumes is not large, and 
members are advised to procure full sets as soon as possible. The 
prices will never be less and will certainly rise as time goes on. 


In addition to the above volumes of the Transactions, the Society 
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has also published the following books, which will be sold net at the 
prices listed to the public and members alike: 


The Collected Writings of Dr. Hermann August Seger, 
Volume I. Contains (a) Treatises of a General Scien- 
tinc Nature.’ (>) Essays Relating to Brick and-Terra 
Cotta, Earthenware and Stoneware, and Refractory 
Wide seen tea es 5 Oo eb OUNGailtm ClOtixcce oc ace. ge hk 0s,2% $7.50 
The Collected Writings of Dr. Hermann August Seger, 
Volume II. (0) Essays on White Ware and Porcelain. 
(c) Travels, Letters and Polemics. (d) Uncompleted 
Works and Extracts from the Archives of the Royal 
Porcelain. Pactory. . Pages, 605.' Bound in. -cloth.....:. a0 
A Bibliography of Clays and the Ceramic Arts, by Dr. John 
C. Branner, 1906, 451 pages. Bound in cloth. Contains 
GO2Tetitles.OlawoOrks Ot) Ceramic SUbjects:. os... Wanless os 2.00 


The above publications will be shipped at the consignee’s expense, 
by express, to any address on receipt of the price. All checks or 
money orders should be made payable to the American Ceramic So- 
ciety, and not to the Secretary or the Treasurer. 

EDWARD ORTON, JR., 


Columbus, Ohio. Secretary. 


ANNUAL REPORT OF THE BOARD OF TROSTEES. 


WHEELING, W. Va., February 24, 1914. 
To the Members of the American Ceramic Society: 


The Board of Trustees congratulates the Society upon the passage 
of another year of successful work, and upon assembling for another 
annual meeting under such favorable auspices. 


VOLUME FIFTEEN 


The printing of the annual report was seriously delayed by the 
unfortunate illness of the Editor, Mr. Homer F. Staley, in July and 
August. Up to the time of his illness, the work was going well and 
the volume would have appeared by September 1st at the latest. The 
delay seemed likely to be short, at first, but towards the middle of 
August arrangements were made to change editors and let a new man 
relieve Mr. Staley. A fortunate turn for the better came just at this 
time, and he was soon able to go on with his work. 

The character of the volume speaks for itself. No loss in quality 
resulted from the break in continuity in the progress of the work, and 
we think the volume measures fully up to those that have preceded 
it. The mechanical features of the printing, the paper, typing, and 
general make-up of the book, we think is an improvement over any 
of the volumes up to date. 


MEMBERSHIP 


The membership has stood more nearly stationary than in any 
preceding year. There has been a healthy growth so far as actual 
new members initiated is concerned, but the losses have too nearly 
offset these new members. The statistics follow: 


BrouGHT Forwarp FEBRUARY 25TH, 1913: 


Honorary ‘membersw4 ieee os ee ee ee <2 
Contributing “mem pers: Sans « ee ee eee 5 
Active membérs resident) (3535 fei ee eee 58 
Active members, forefon | ci.00..i fa tan eee eee 7 
Associate members/.résident= .22h27 0 ee eee 352 
Associate members. foreien: 47 .. 25) eee eee 32 456 


ACCESSIONS BY ELECTION DURING THE FISCAL YEAR: 
Honorary members; 10teion » 442. a> eee eee 2 
Active members, 


Resident... oak ee eee ee ic 

POPeie ny .cti eet ewe, Coe ae eee ee 3 

Active members reéstored-to0- the lists. -s05 yes eee 1 
Associate members, 

Residents 2 0.) De ee eee eee AY 

Foté€igt.é..& oe eee 6 


Contributing «menibers ai... ece ec 5 ie 
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LOSSES DURING THE FISCAL YEAR: 


By death, 
SEMAINE S EST a) GET ON EY SSM We ie Se er oS 2 
PSSOCiateniMeimDers “ai 05 eke ts eee eouiae 
By resignation, or by being dropped for non-payment 
of dues, 
eet iee etic Tan me rite etn he ee OT eee 5 6 
PESGCIALe GICMIDENS, FT ESICEN te oo as nt oe ee ce leeles 36 
Ort Hattie MITE eISe ee ee i ek ee een ck. Ss 2 2 50 
PPeACOmouen tom associate tO “ACtIVe. 4.060 Swe we ke: 7 7 


STATUS FEBRUARY 24TH, 1914: 


fionorary. anembers® 7.3. e: 8 SRE id eee ene Shy 4 
POAC STC HUOT Seah cn pete cen cccigis deh abei Biss alt Steuenh is 4 
Active members, 
OSU COnGI aT seins tien a ein. se os se Du, 
i SiSy ile es b Gee eG «age ens a ea 10 
Associate members, 
PME SIGET Cen ARIS 48 ches. cbtee hn Se + 8 350 
{PEN Res g Na fc ae SON 41 466 
Petes an nC dOMy CAs Ve PCT Hau ie eG naye ce ess ca hec eee 10 
eee ONG SIG er ire om be bale ola Giete > ws One othe ee 2.2 


The causes which have led to the loss of 30 many members, both 
active and associate, are worthy of more careful study. That there 
will always be some persons who join the Society without any definite 
ideas or knowledge as to its real nature is to be expected, and such 
membership is always easily discouraged and drops out as easily as 
it came in. But it is a matter of serious concern to us all to interest 
new comers, and to try to imbue them with the enthusiasm which the 
inner Jife of the Society always evokes from those who attain it. A 
step in this direction has been taken for the coming year in getting 
up a membership card, which not only operates as a receipt for the 
annual dues, but also makes an efficient card of introduction among 
members. If the members of the Society will use this card, and will 
endeavor to accompany its use with the liberal, broad-spirited, and 
open-hearted courtesy which the earlier years of the Society’s ex- 
istence so fully exemplified, it would seem certain that the influence of 
this card system will be good and will make itself felt in reducing the 
number of resignations from lack of acquaintance among members 
and lack of knowledge or interest in the work of the organization. 


FINANCES 


The year has been the most successful yet and shows a handsome 
balance to the credit of the ensuing year. 
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Income 
Brought? torward tron, 1919-13" (4.0 no a eee ee 
Receipts from dues: 
63 Active members for 1913 @ $7.50........ $ 472.50 
344 Associate members for 1913 @ $5.00..... 1,720.00 
3 Contributing members for 1913 @ $25.00. 75.00 
Various fractional payments for 1913 (mostly 


balances due from previous payments).. 32.49 
Collection ot dués=i0 “arneats=.. ecu eee 52.50 
Collection of dues in advance (1914) 

ACHIVE . MED CLSits.45 aan Saar eee ree meee 9.00 

Associate =members: o. 35 (ten sire eee 54.16 

Receipts from initiation fees: 
5 Active members. @ $10 (1913 )-aemes eae 50.00 
45 Associate members @ $5 (1913) ........ 225.00 
6 Associate members prepaid (1914) ....... 30.00 
Receipts from sale of publications: 
Volumes. of. thepil transactions 5.05. eee A liioeow 
Volumes-ot Branner (Biblioerapity 11). ae is GaP 
Volumes of Seger’s Collected Writings (11). 82.50 
Extras for cloth singe sito. ee ee eee 142.32 
Receipts ‘frommsalevot wrepmntsi.meccee ee eee 44.90 
Receipts/miscellaneous aisck)..eee ee ee an. 4.03 
Disbursements 
Publication of Volume XV: 
Stenographic. reportys c.cec eer rare eae $ 123.20 
Drawings, illustrations and engravings. ...... 479.51 
Printing; binding rand casita Gcenen eee 1,455.78 
Titi AG o5 S28 aspetchege c teehee cae eee eee eee 600.00 
Paid for aSevers, Collected mw titines. 2.0.09. ee 79.01 
Atathor SereprintSacns vc wieecn ae ee eee 82.49 
Paid for Administration: 
SalaryroftAssistantm oecretary px.cnaeme te eee 300.00 
Postage, ‘stationery and esupplicsainraa eee 208.79 
Insurance sca eee Re, oe eee 10.00 
Telegraphe ands telephone «ce eee 6.60 
Transportation. coi) “Eransactionss “express: 

freight rand mailjaken. oe see eee 175.07 
Binding and casing early volumes for sale... 48.25 
Convention expense. an a eee ee 102.46 


Balance in} bank: ee eee ee 


$ 249.86 


2,415.65 


305.00 


1,411.51 


48.93 
$4,430.95 


$2,658.49 


161.50 


851.17 


$3,671.16 
759.79 


$4,430.95 
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Assets 
CoEVAICS SLT SW ca RD Ul Se a re a $759.79 
Accounts Payable: 
Dues and fees, due but not collected........ $ 224.91 
Pablicationsssolds bDut=not=paid- for. ss so... 34 148.31 
Reprinte. sold. buc not paid Torti. jie... 664 57.64 


Books on hand: 

1801 Volumes of Transactions @ $3.70 each.. 6,663.70 
Inventory of stock, stationery, fixtures, etc., est.. 100.00 

Pin@ ta er SSCES Oh hh ee ees SIN Oe aie es $7,954.35 

Liabilities 

None, other than ordinary current accounts, amounting to less 
than $100 in total. 

It will be seen, therefore, that the financial situation is entirely 


satisfactory, and if it continues thus for another year, will permit 
some further expansion in our work. 


PUBLICATIONS 


The following table gives the data as to sales of publications 
during the year and the status of our stock of books: 














NUMBER IN STOCK 

REMAINING |p ooprvep DISPOSED DISPOSED FEBRUARY 

NUMBER OF THE VOLUME ON HAND Sree OF BY OF OTHER- 1914, By 
FEBRUARY SALE WISE BOOK 

COUNT 

ee at aha se Kiies. 4s 167 11 156 
UN i a Ba nl ae eae ee Swe 20 Phy, 
Ep LRe ret oa ee kota ae A aes St 165 12 153 
A 3 a se See ee 139 12 127 
Nes oh Nn Rae ee ee -107 1053 94 
Ste Oo ir 136 3. 123 
1 he CS ge nae an Om Rae 136 12 124 
‘Wie Bd se OG ge 130 12 118 
(ho Geeta ae ee Oe eee a 92 13 79 
OT oe Rea Cor re Rena ON 121 a ifs: 108 
A | as aS a he 142 14 128 
OMT Per een aia ot state a c*oh sa ats 124%: 18 106 
Jig ol oh Rey ae 223 18 105 
rid ONO} Pte Daten oe 133 Oo 1 79 
CM iis CE ele am ew ee nats 698 490 247 184 
Branner Bibliography.. 802 9 12s 776 
Total SCENES COINS GANA G Aa lh Dede oer reser Sar te Ra A 2577 


* To the printer, for copy of style. 
+ To our exchange list. 
** Given as bonus for sales of sets. 
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The value of the books owned by the Society, at $3.70 per volume 
for the Transactions, is $6,663.70. There is no reason to doubt that 
this sum will be realized, in time, and may be largely exceeded. The 
plan of paying for the Transactions complete each year: by the sale 
of a part of the issue, has permitted the Society to accumulate quite 
a little property, which is certain to increase in value as the years 
pass. The low stock of volumes 9 and 14 is significant, and members 
who have not full sets are again reminded that they ought to be pro- 
cured before ‘the price is greatly increased. 


SUMMER MEETING 


The meeting held at New York, Hartford, Worcester and Bos- 
ton, was a very enjoyable affair and was participated in, in part or. 
in whole by about 35 persons. There was less technical study of 
plants and more general sight-seeing than in preceding meetings, and 
more than would be regularly profitable, probably. It was enjoyed 
nevertheless, in spite of unfavorable weather in the last half of the 
trip. The value of the Summer meeting as a part of the Society’s 
functions has been again exemplified. 


CONCLUSION 


The Board regrets that the policy of the National Brick Manu- 
facturers’ Association has again carried their meeting out of the 
geographical zone in which the American Ceramic Society finds it 
profitable to meet. It hopes that a common meeting point and date 
will be arranged for next year. 


Respectfully submitted, 
THE “BOARD OF TRUS PE. 


By Epwarp Orton, Jr., Secretary. 


TREASURER’S REPORT 
February 1st, 1914 


Receipts 
Balance from E. Lovejoy, Treasurer,,as per last reportyas-. $ 249.86 
Total Receipts’ as per -bank book. .c2.7 ise oe 3,827.40 
$4,077.26 
Expenditures 
Vouchers: attached. << sk haw pers ee ee $3,473.36 
Bank balance: -<sipeyensat eee eee ee 603.90 


$4,077.26 


IN MEMORIAM 


HARRY B. FOX 


WILLIAM GALLOWAY 


ROBERT J. MEAKIN 





D. V. PURINGTON 
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F. T. HAVARD 


The Ceramic Society has lost one of its members in the death of 
Professor Havard, Associate Professor of Metallurgy, in the Univer- 
sity of Wisconsin. 


He was taken ill with pneumonia in April and had apparently 
conquered the disease when general toxemia intervened, against 
which he was unable to rally, and the end came on May 22nd, 1913, 
at the Madison General Hospital. 


Mr. Havard was born at Ipswich, Australia, October 19, 1878: 
After his grammar school training he entered Sydney University with 
advanced standing, and in 1897 went to the Freiberg Royal School of 
Mines, graduating as an Engineer of Metallurgy in December, 1901. 
Immediately thereafter he came to the United States and entered the 
employ of the Boston and Montana Company in the capacity of chem- 
ist and furnace foreman. In 1903 he accepted the position of man- 
ager of the general smeltery of the Anhalt Lead and Silver Mining 
Company, in which he had a unique experience in successfully hand- 
ling a wide variety of metallurgical products. In 1906 he accepted the 
management of the smelting works of the Copiapo Mining Company in 
Chile, returning to the United States in 1908, when he was engaged in 
consulting metallurgical work for the U. S. Metals Refining Company 
and others. He came to the University of Wisconsin in the fall of 
1909, and his record of technical, educational and social achievement 
there is known to a wide circle of friends. His recently published. 
book on “Refractories” is a pioneer in the field and has attracted 
wide and favorable attention. 

In 1908 he married Miss Margaret Raleigh, of Helena, Montana, 
and he is survived by his wife and one son. 

Mr. Havard was a man of rare personality, of cosmopolitan cul- 
ture and scholarly ability. His genial humor, broad sympathies and 
high ideals were an inspiration to all who were privileged to know 
him. 


LESTER OGDEN 


On January 29th of this year another member of our society was 
called to his reward. Lester Ogden passed away on that date after 
a comparatively short illness. With his death went a bright career, 
as he had made a good foundation for a brilliant future. 

After completing the work in the Columbus schools, he entered 
the Ohio State University in 1906, and graduated four years later, re- 
ceiving the degree of Ceramic Engineer. During his entire schooling 
he was considered one of the brightest members of his class. 

Since graduation Mr. Ogden has almost continuously been con- 
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nected with some phase of the clay working industry, and was suc- 
cessful in whatever he attempted. 


We are indebted to him for an investigation of the resistence of 
porcelain bodies to abrasion which was published in our Transac- 
tions. 

This society extends its sympathy to his brother and other rela- 
tives by whom he was greatly loved. 


JAMES PASS 


In the death of Mr. James Pass, which occurred on October 30, 
1913, at his home in Syracuse, our society has lost one of its charter 
members. 


He was born in Burslem, Staffordshire, England, on June 1, 1856, 
and came to this country with his parents in 1863. His connection 
with the industry began in his 13th year when he was apprenticed to 
a pottery maker at Trenton, N. J. At the age of 18 he removed to 
Syracuse, and there became a foreman under his father in the Onon- 
daga Pottery. Subsequently he spent three years in the West but 
returned to the Onondaga factory as general superintendent, and in 
a short time was given full charge as general manager of the com- 
pany’s rapidly growing business. Under his skillful and energetic 
guidance he achieved the notable task of changing his factory pro- 
duct from an ordinary earthenware to a superior grade of hotel china, 
which gave his company an honorable distinction. In addition to this 
achievement he became associated with Mr. Seymour in the manu- 
facture of electrical porcelain, which undertaking was very successful. 


Mr. Pass’s appreciation of the value of the application of scien- 
tific methods in the ceramic industries was evidenced by his attend- 
ance as a student for a year at Syracuse University, where he pursued 
a special course in Chemistry, and further by his early and continued 
association with our Society. He was a member also of the Syracuse 
Section of the American Chemical Society, the Engineers’ Club of 
New York City, and other social and civic organizations. In 1896 and 
1897, Mr. Pass had the distinction of being president of the United 
States Potters’ Association. 


WILLIAM WATTS TAYLOR 


The-entire ceramic world has suffered a very heavy loss in the 
death of Mr. William Watts Taylor. To his never-failing adherence 
to standards of attainment thought ‘by many to be impossible, is due 
in large measure the wonderful success of our famous Rookwood 
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Pottery, which has done so much to place America in the very front 
rank assa maker of the bestin art porvery. 

Mr. Taylor was born in Louisiana in 1847. He attended Harvard 
University, but due to poor health he was forced to withdraw during 
his second year. In 1883 Mrs. Bellamy Storer offered him the man- 
agement of the Rookwood Pottery which she had started three years 
before. In 1890 the Rookwood Pottery was incorporated and Mr. 
Taylor was made its president, which position he held until his death 
on November 12, 1913. In recognition of his signal service in his 
field of endeavor, Harvard University, shortly before his death, con- 
ferred upon him the honorary degree of Master of Arts. In his home 
city, Cincinnati, he was widely known for his interest in any move- 
ment to further developments along the lines of artistic beauty and 
general welfare. 

He combined a charming personality, a wonderful tact and an 
unfailing loyalty to high ideals of attainment which are but rarely 
found. 

The American Ceramic Society joins with his many friends in 
all countries in mourning his loss. 


PAPERS AND DISCUSSIONS 





PRESIDENTIAL ADDRESS 


CLAY WORKING INDUSTRIES 
BY ELLIS LOVEJOY 


I sometimes think it is a good plan to take a general view of 
the industries in which we are interested, and for my presidential 
address I have chosen a discussion of the status of the common 
clay industries with which I am familiar, 

These industries do not command the attention they should. 

and few outside the clay workers themselves realize what an im- 
portant rank they have among the mineral industries of the 
country. 
Coal ranks first with a value of nearly seven hundred miilion 
dollars; pig iron second, with four hundred and twenty millions ; 
copper third, with two hundred and five millions; clay products 
fourth, with one hundred and: seventy-two millions. Petroleum 
is the only other product that exceeds one hundred million dollars 
in value. Cement the bete now of clays workers with a value of 
sixty-seven millions comes ninth in the list. The comparison is, 
perhaps, not fair. In the clay products the valuation is based on 
the finished product, while in the other mineral products, except 
eoal,—a raw product,—the valuation is on the intermediate pro- 
duct between the raw material and the final product. 

However, it is beyond question that the clay industries have 
a very important rank, and it is also beyond question that they 
do not command the respect and attention of the financial inter- 
ests commensurate with their rank. 

In antiquity and historical interest, clay working leads all 
other industries, and we sometimes think this is the greatest 
stumbling block. It is so old and supposedly so well known that 
it needs no advertisement. 

In the life of man it has a more extended and important use 
than any other mineral,—shelter, sanitation, road structure, man- 
ufacture, farm development, home utensils, ornamentation. 

The clay worker is proverbially timid or perhaps conserva- 
tive is the better word, particularly the brick and tile maker. If 
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he would advertise the value of his product and read his own 
advertisement, he would have more confidence, but instead he 
reads the advertisements of other products which may replace 
that of his factory and concludes that it is time to retrench and 
save what he can from the inevitable wreck. In numerous in- 
stances I have been called upon to assure clay workers that slag 
bricks, sand lime bricks, cement bricks, blocks and tiles, concrete, 
ete., will not make their investment unprofitable. 

In order to get a general view of the trend of the industries, 
I have drawn the accompanying curves from the data of the 
government reports. These curves, Figures 1 and 2, cover the 
reports from 1894 to 1912 inclusive. 

First I wish to eall attention to the fact that the number of 
firms has been gradually declining since 1899, while the total 
output has materially increased. There are nearly three thous- 
and fewer factories in 1912 than in 1899, which means that the 
smaller plants are being eliminated, and that the business is be- 
coming centralized in larger plants and in combines under one 
management. It is reasonable to assume that with the aid of the 
state surveys that there are fewer omissions from the list than 
formerly, and that a complete list of all the factories would show 
a greater decline than is shown in the curve. The units in the 
curve represent one hundred firms, the maximum number of 
firms being 6926 in 1899, and the minimum 4284 in 1912. The 
elimination of small plants and concentration in large ones and 
combination is still going on. 

The low mark of production in the industries was in 1897- 
98, during the McKinley administration, which marks the ebb 
of the hard times of the previous Cleveland administration, the 
readjustment of the tariff, and the Spanish war. Under the sec- 
ond McKinley administration, there was an advance in several 
lines, while others marked time until Roosevelt came into control. 

Under the Roosevelt administration there was an encourag- 
ing advance in all lines until the end of his regime in 1907, when 
the senseless money panic caused the most marked slump the 
industries have ever known. It is to be hoped that the recent 
currency bill will forever make impossible a repetition of this 
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disastrous and unnecessary panic. Drain tile and paving brick 
show no drop during this time, while sewer pipe and fire proofing 
were but slightly affected. Municipal operations, to give the 
laborer work, account for the level paving brick maintained. 
Abundant crops which should have made the panic impossible 
explain the drain tile position. Sewer pipe had contrary influ- 
ences at work. The pool had been broken up which caused a 
decline in prices upon which the chart is based, while municipal 
work helped to maintain the product. Fireproofing was forging 
ahead at a rapid rate, and the hard times led to a larger use of 
this cheaper building material at the expense of other materials. 

The first years of the Taft administration show the confi- 
dence of the country, and we regret to say the effect of the dis- 
credited ‘‘revision upward’’ Payne-Aldrich bill is plainly shown 
in the chart for the year 1911. 

In 1904 there was a sag in some of the industries due to 
strikes and the inability to get sufficient labor to operate the 
factories. 

Fireproofing is evidently a coming product. It has advanced 
from a very insignificant place to a prominent position. Terra- 
cotta too, 1s rapidly coming to the front. 

Drain tile is lagging, but chiefly because the business is 
largely confined to the central west and is over dione. The coastal 
plains of the east coast and of the gulf states, and the great in- 
land basin between the Coast range and the Cascades, are in need 
of tile, without the factories to supply them. Face brick pro- 
ducts have steadily advanced in volume, but the business is not 
financially in as good a situation as formerly. The profits of the 
business have diminished almost to the vanishing point. This is 
due to the fact that the development of the rough texture bricks 
has let into the market many products which formerly had no 
place except in the common brick class. The elimination of or- 
namental brick has also had its effect. Twenty years ago at least 
20 pereent of the product was in ornamental bricks which com- 
manded a high price, but now the output of ornamentals is less 
than 2 percent. ($1,128,000 in 1894, $178,000 in 1912). 

The demand for face bricks, however, 1s steadily advancing, 
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and soon the market will adjust itself to the output, meanwhile 
the other products must bear the brunt of new enterprises. 

Paving bricks have shared in the steady advance, and the 
slogan of ‘‘good roads’’ means a promising future for this pro- 
duct. Sewer-pipe shows an inflated curve to 1907, due to the 
pool, and since then the demand for the product has steadily 
advanced, but the margin of selling price over cost has materially 
decreased; and thus the curve has flattened out. 

Fire brick is the best gauge in the world of the manufactur- 
ing interest of the country. It is evident from the fire brick 
eurve that the clay industries have not fully kept pace with other 
industries, yet the difference is not sufficient to discourage the 
clay worker. It is also evident that the clay working industries. 
except pottery and common bricks, suffered less severely in times 
of panic than the other industries. 

Pottery is more concerned in tariff issues than other clay 
industries, and within the period of this chart it has enjoyed the 
benefit of a high protective tariff. 

Common brick has had serious ups and downs, but on the 
whole it has maintained an advance which averages well with the 
other industries. Concrete has undoubtedly retarded its advance 
somewhat, and the rapidly advancing fire proofing and hollow 
block has had-some effect, but it is such a large and important 
industry that these bites out of it have had but little effect on 
the total. 

Now that the Panama canal is practically finished a few 
timid clay workers have raised again the cement bogie. They 
need not be alarmed, the six million barrels of cement used in 
the canal (part of which came from abroad) is less than eight 
percent of the production in a single year. Cement has nearly 
reached the minimum cost limit, while clay wares have not, and 
the demand for better concrete will increase its cost. 

The common bricks are the poorest indicator of the state of 
the clay working industries. Nearly fifteen percent of the entire 
output of the country is made in the vicinity of New York, and 
the other money centers use corresponding amounts. These are 
the first to feel a money depression, because the reserved carried 
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in these centers are drawn upon by the outlying districts, and 
there is a shortage for the local interests. 


On the whole there has been a healthy advance in the several 
lines of the industry, and we are confident of the future. Fire 
proofing and allied hollow-ware are very promising. Their ad- 
vance has been natural and will not be checked. They have 
grappled the concrete bull by the horns, and in the ‘‘back to 
brick’’ movement we must reckon ‘‘brick’’ as a composite to 
which fireproofing has given a marked impression. 

New ventures in drain tile must seek new fields which are 
not wanting, nor will the varied crops of this great country be 
lacking to support the industry. 


Paving brick is an assured industry on account of the ‘‘ good 
roads’’ movement. 

Face brick must peg along on small profits, until the industry 
has fully assimilated the influx of rough texture product, and the 
market has caught up with the supply which it is rapidly doing. 

Sewer pipe and conduits are products too necessary to be 
seriously set back, and the ‘‘good roads’’ movement and the ten- 
deney to force public utilities corporations to put wires under 
ground will help; but it must be admitted the bond market: is 
heavy, and the people are demanding retrenchment in municipal 
work. However, politicians usually have their way. the bonds 
are placed some how, and the work goes on. 

Fire brick will largely be affected by genera! manufacturing 
which at present is marking time. The Canadian government 
has advanced the minimum from $13.00 to $19.50, but this will 
have little effect,—none on high grade products,—and the export 
to Canada is but a drop compared with home production. 

One reason of the lack of general interest in the clay product 
is that it receives practically no advertisement. The brick manu- 
facturers are booming a ‘‘back to brick’? movement, but it is a 
very weak boom. Outside of the journals devoted to our inter- 
ests, the advertising is negligible, yet the little that has been dione 
shows the possibilities of persistent effort. Nearly every day, 
there come into my office pamphlets advertising various building 
materials —cement, perforated metal and cement, reinforced 
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conerete, roofing materials of all kinds,—many of them beauti- 
fully illustrated, often containing engineering and architectural 
data. A number come regularly each month to every architect 
and builder in the country. Turning to the magazines we find 
these products similarly presented, and thus the prospective 
home builders are reached. We do not receive such advertise- 
ments of clay products, nor do we find them in the magazines. 

A general apathy prevails among the clay workers,—they do 
not advertise because their product is as old as the hills, and 
everybody ought to know it is the best building material on earth. 

There are six thousand or more clay-working plants in the 
country (4284 firms reported to the government in 1912, but this 
does not by any means cover the list), yet not one manager out 
of twenty attends any of the clay-working conventions, or assists 
in any way in booming the product. The National Brick Manu- 
facturers Association has an enrollment of about six hundred, of 
which a notable percentage are not clay-workers, and an appre- 
ciable percentage are local members who do not continue their 
membership in the association. 

A recent state convention, we are told, had an enrollment of 
forty-five, not all of whom were clay-workers, yet there are in 
that state over 200 operating firms, each of which should have 
had two or three representatives at the convention. The expla- 
nation of the light attendance was that the dues had been ad- 
vanced to ten dollars for advertising purposes. It is not strange 
that the men who are trying to put the product in the place it 
should occupy, get discouraged. 

Unfortunately for concerted action and advertising pur- 
poses, the clay working interests are not centered in large factor- 
ies, and the small factories outnumber the large ones ten to one, 
but as the curve shows, this status is rapidly changing. 

The general dilapidated condition of many of our clay-work- 
ing plants, we think, has considerable effect on the industry. 
Plants are often on the outskirts of the town, oftentimes along- 
side the city dump,—the historical tin town,—and comparisons 
are frequently favorable to the latter. The approach is littered 
with all the waste of the factory. The factory itself has a general 
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appearance of dilapidation,—piles of culls and unsalable product 
are usually put where they will be most conspicuous. We are 
not overdrawing the picture,—there are too many such brick 
yards and tile yards that can never attain the dignity of a fac- 
tory, enough, certainly, to discredit the industry, and their eli- 
mination will be beneficial. It is said that money cannot be in- 
fluenced by appearance, but, on the contrary, we believe it is the 
most easily flattered commodity in the world. Any well dressed 
scheme can command means, and many clayworking factories 
sadly need new fronts and the prosperity that comes with them. 

The clay industry needs a general stirring up, it can no 
longer maintain its position on the strength of its pedigree; it 
needs capital badly and will only get it, when it properly and 
persistently advertises its rank in the mineral industries; it needs 
a thorough cleaning up, thereby announcing that it is pros- 
perous. 

The business is an excellent one in many respects, and when 
properly undertaken insures comfortable and steady profits. The 
profits are small, pitifully small in some lines, yet the business 
has the advantage that, when established on a profitable basis it 
can continue for many years, and in the end will net a comfort- 
able return. 


The costs are largely fixed, because the plant operates on raw 
material at its door, and the variation in cost comes from changes 
in wage schedules, in the price of coal, but chiefly in the changes 
in the capacity of the plant. In times of financial depression the 
clay industries suffer, but less so than many other industries. 
(This is not true of the money panic of 1907-08, when banks 
refused to cash any kind of checks, even their own). The small 
capital in hard times is inclined to drop its stocks and take up 
the safer property and building investments. Then, too. the farm 
is a large consumer of clay products, and it is not affected by 
business depression. Municipal work is taken up at such times 
to give labor employment. Thus in a number of ways are the 
clay industries tided over such hard times. 

Bradstreet attributed 86 percent of the failures in 1911 to 
the following causes: 
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We doubt if a clay working industry is ever built within the 
original estimate, and as a result many new enterprises start in 
under a heavy handicap of borrowed capital, or with an incom- 
plete plant which does not have a profitable capacity. 

Under specific conditions the chief item is the difficulty in- 
herent in the clay itself. We feel sure that we are safe in saying 
that there are more failures in factories built to work a local clay 
deposit, than in those which draw the raw material from several 
sourees and are independent of local materials. Clay has more 
trouble in its makeup than all other minerals combined, and in 
very few instances are these troubles fully determined before the 
plant is built, with the result that one or more years are required 
to adapt the equipment to the material, to overcome the difficul- 
ties in the clay and to develop a marketable product. This is the 
period when many factories fail. Costs of manufacture are al- 
ways underestimated, and many investors are induced to go into 
the business who would not do so if they had known how small 
the margin of profit really is. When the numerous troubles de- 
velop, when the promised percentages of output dwindle, when 
the rated capacity is found to be one-half or less, and none of the 
output up to expectations, then the true cost of manufacture be- 
comes apparent, and the capital is loath to make further invest- 
ment. It would be a decided advantage to the several branches 
of the industry if they would publish accurate cost data, and fac- 
tory results. We believe the time is coming when such data will 
be made public. Some manufacturers are already advocating 
such a step, and more will come into line when they see the bene- 
fits that will result. The manufacturers will gain in several 
ways: / 
1. They will be encouraged to maintain prices. 

2. It will deter ill advised adventures. 
3. It will put the business on a more permanent basis. 


Incompetence is a frequent cause of failure in clay. If we 
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were to relate the expensive absurdities that are in operation in 
nine out of ten yards we visit, it would be said that such opera- 
tions are inconceivable under the management of competent men, 
but it is the rule rather than the exception. Clay working fac- 
tories are working uneconomically in consumption of power, in 
drying the wares, and particularly in burning. The waste of 
fuel is enormous, and it is viewed with complacency by the op- 
erators. 

In mechanical development to eliminate labor, we are not 
keeping pace with the other industries. We have made some ad- 
vancement, but the methods of the ancient Egyptians are in use 
to-day and maintain themselves in competition with the factories 
that have taken advantage of such mechanical development as has 
been made. This cannot continue very long in view of the rapidly 
advancing cost of labor. The factory worker in clay is not re- 
ceiving the wages that are paid in other industries, and in pros- 
perous times the labor shortage in clay working plants is a ser- 
ious handicap. 

The clay industries are very much behind the times in tech- 
nical work, but this is slowly being rectified. It was my privilege 
to enter the clay industry a good many years agi ‘as chemist in a 
brick yard, and the need of a chemist was considered a joke. 
There are now many chemists in the business, but compared with 
the number of factories, the showing is not large. The majority 
of plants are satisfied to blunder alone with the old methods and 
excessive losses that have been characteristic of the clay indus- 
tries. 

There is an excellent field for the engineer in the clay work- 
ing industries, excellent for the industries at least, and we hope 
the time will come when it will be inviting to the engineer. That 
time has not come, but it is coming. The industry now has some 
respect for the scientific fellow, but only a few years ago it had 
httle or none. No amount of education could teach a man to 
shovel coal and clay. The operators knew how to shovel clay and 
coal, but had not the slightest idea of the inherent intricacies of 
the one nor the value of the other. 

Young men occasionally ask my advice about taking up the 


64 PRESIDENTIAL ADDRESS 


clay industry as their life’s work. It is a difficult question to 
answer. If a young man wishes hard work, interesting work, 
and an opportunity to put an industry on a higher plane, he will 
make no mistake in taking up the manufacture of clay ware. 
There is nothing spectacular in the work,—no great rivers to 
span, no mountains to pierce, no monuments to fame, no oceans 
to connect with water ways, but there is a broad, interesting field 
in which to work, and from it will come a modest income. It has, 
I think, greater opportunities than a number of the other mineral 
industries, and chief among these is the possibility of each one 
acquiring a considerable financial interest in the business. Clay 
plants are scattered all over the land, and although small plants 
are being eliminated, the business can never be concentrated in a 
few large plants as in other mineral industries, and one may 
reasonably expect to attain a commanding position. There is al- 
ways room at the top but the large centralized industries have 
very few tops, while the clay industries have many. The capitai 
required in the centralized industries is so great that an indivi- 
dual cannot hope to control it, nor sufficient part of it to become 
a factor in the business. , 

As a purely engineering field from a financial standpoint, the 
industry is not promising at the present time. The most encour- 
aging feature is the tendency of the larger plants to employ 
technical men, and the work now being done by a goodly number 
of the young men in this Society will open the way for many 
more, and eventually put the business upon a higher plane and a 
more economic basis, which will pave the way for profitable gen- 
eral ceramic engineering. 


THE PLASTICITY OF CLAY 
BY N. B. DAVIS, ITHACA, N. Y. 


INTRODUCTION 


In examining a number of very sticky clays from Western 
Canada, the writer became interested in a study of the cause of 
this excessive plasticity, and had occasion to review the bulky 
literature on the subject. : 

Experiments carried on in the laboratories of Cornell Uni- 
versity, under the direction of Dr. H. Ries led the writer to cer- 
tain conclusions about this important property. Further study 
is to be made, and this paper is presented as a short review of 
the hterature, and preliminary to a more extensive investigation. 


Definition of Plasticity. Briefly, plasticity in clays may be 
defined as the degree of moldability developed on the addition of 
water in sufficient amounts. Closely connected with it are those 
other properties of cohesiveness and shrinkage developed in clays 
on air drying. 

Other substances! such as molten metals, glass, wax, etc., are 
spoken of as being plastic under proper temperature conditions. 
Plasticity in this sense must not be confounded with plasticity 
in clays which is developed simply on the addition of water. 


Theories of Plasticity. The different theories that have 
been advanced from time to time to explain the plastic properties 
of clay may be classified as follows: 

A. Structure of the clay particles. 
1. Fineness of grain. 
2. Plate structure. 
3. Interlocking particles. 
4. Sponge structure. 
B. Presence of hydrous aluminium silicates. 
C. Molecular attraction between particles. 
D. Presence of colloidal matter. 


Most writers at the present day believe that colloidal matter 


1 Graham, Lied. Ann. Cl., (1862). 
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is the cause of plasticity, but many of these investigators seem to 
hold different conceptions of just what is meant by the colloidal 
State. 

In the following pages the writer will attempt to review the 
various explanations that have been given to explain plasticity, 
and which have gradually led up to the colloidal theory. 


A. STRUCTURE OF THE CLAY PARTICLES 


In 1867, Johnston? and Blake, working on kaolinite, tried to 
explain plasticity as due to the fineness of grain and plate struc- 
ture of the kaolinite and other platy minerals present in clays. 
Clays in which they found kaolinite crystal bundles seemed to be 
of lower plasticity than those in which the bundles were broken 
up into cleavage plates. They vive analyses of two kaolins of 
about the same chemical composition, yet one is ‘‘fat,’? and the — 
other is ‘‘short.’’ From this they infer that the difference in 
degree of plasticity is due to the difference in the state of divi- 
sion. 

This same view has since been advanced by Biedermann and 
Hersfeld*®, and Cook* in 1878, and more recently by Haworth', 
Wheeler®, Atterberg? and Le Chatelier$. 

Wheeler experimented with fine grinding of minerals, devel- 
oping a plate structure, and’ reported that calcite and gypsum, 
finely ground in a ball mill with water, showed plasticity, and 
that test pieces gave tensile strengths ranging from 100 to 350 
pounds per square inch. Tale and pyrophyllite also showed plas- 
tie properties when finely ground, but showed little tensile 
strength. It is altogether probable that the high tensile strength 
reported in the case of calcite and gypsum was due to the fact, 
that some of the mineral matter went into. solution and erystal- 

lized out as a cement, on drying. This did not happen with the 
other two minerals, which are more resistant to solution. 

Stull® tried grinding mica in the same way, found a ‘‘sur- 

2 Johnston and Blake. Am. Jr. Se., 1867. 

3 Bischof, Die Feuerfesten Thone, p. 23. 
“Cook, Geol. Surv., New Jersey, 1878. 

© Wheeler, Missouri Geol, Survey, Vol. XT, 1896 
* Atterberg, Z. Angew. Chem., 24, p. 928, 1911. 


8 Le Chatelier, Van Bernmelen Gedenkbock. 
* Stull, Trans. Amer. Cer. Soc., 1902. 
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prising increase in plasticity’? and concluded that fineness of 

grain and plate structure was the cause of it. 

| Grimsley!® and Grout, grinding quartz, calcite, and mica 
noted a development of some plasticity in each case. 

Atterberg!! found that precipitated barium sulphate mixed 
with 14 percent to 22 percent of water was plastic, but showed 
little tensile strength on drying. He describes minerals that split 
into scales or plates, such as barite, kaolinite and the micas, as 
being strongly plastic if ground and elutriated so that the size of 
the particles does not exceed 0.002 mm. Materials like quartz, 
feldspar and gypsum do not cleave so readily into flat plates and 
hence are not so plastic. He concludes that the plasticity of the 
European clays is due to the presence of mica meal in those of 
the north, and to kaolinite in those of the south. 

It is evident that the conceptions of plasticity held by the 
last four investigators do not agree. Wheeler, and Grimsley and 
Grout describe quartz, calcite, and gypsum as developing plas- 
ticity, while Atterberg describes them to the contrary. All agree 
that the micaceous minerals do develop plasticity. 

Rohland?!? mentions the fact that clays ground in a drag mi) 
are more plastic than those ground in a ball mill, because in the 
former the particles are brought to a smooth flat form, whereas 
in the ball mills the grinding produces angular or irregular 
forms. 

Leppla?? attributed plasticity to the small size of the crystal 
plates, to inflexibility with elasticity, and to the excellent cleav- 
age and softness of the mineral grains. Further, he was of the 
opinion that the adhesion between water and the crystal particles 
is stronger than the cohesion of the smallest cleavage pieces. In 
this he suggested a new treatment of the | subject, little attention 
to which has been paid since. 

Aleksiejew and Cermiatschenski!t, studying Russian clays 
came to the conclusion that plasticity is due to the interlocking 
of the clay particles, and depended on a proper mixture of very 

1° Grimsley and Grout, W. Va. Geol. Surv., Vol. III, 1905. 
1 Atterberg, Z. Angew. Chem., 24, p. 928, 1911. 
12 Rohland, Die Tone. 


13 Leppla, Baumaterialienkunde, 9, p. 124, 1904. 
14 Aleksicjew and Cermiatschenski, Zap. imp. russk. techn. obschtoch, 1896. 
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fine and coarser grains for its best development. This same idea 
of interlocking grains was suggested by Olchewsky?® at an earlier 
date. 

Ternier!® studied a series of French clays, and found numer- 
ous hook-like crystal aggregates to which was attributed the bind- 
ing power. A study of this structure by Wheeler’ in a number 
of Missouri clays showed that in all the clays examined, in which 
the hook-like erystals were found, the plasticity was low. By 
orinding, to break up these crystals into their component crystal 
cleavage plates, the plasticity was increased. 

Daubee!® found that long continued grinding of feldspar in 
water developed some plasticity, and Olehewsky!® explained this 
as due to a spongy porous structure of the finest particles caused 
by the removal of the alkalies in solution. 

All these investigators are agreed on the importance of fine- 
ness of grain and plate structure in explaining plasticity. 


B. PRESENCE OF HYDROUS ALUMINIUM SILICATES 


To fineness of grain and plate structure Vogt, Arons,?° 
Bischof,?! Seger?? and others have added the idea of the presence 
and influence of hydrated aluminium silicates in clays as a cause 
of plasticity. They noted that, in general, the temperature at 
which kaolinite lost its water of constitution was coincident with 
the disappearance of plasticity. This was on the assumption that 
kaolinite formed the basis of all clays, an assumption we know 
to be wrong to-day. 


C. MOLECULAR ATTRACTION BETWEEN PARTICLES 


Grout?? was the first to develop this theory to any extent, 
although it was hinted at by Ladd,?4 Beyer?> and Leppla?® before 
Grout took it up. He describes plasticity as dependent on two 


15 Olchewsky, Topf. u. Zieg. Zeit., No. 29, 1882. 
16 Ternier, Comote. Rendus. CVIII, p. 1071, 1889. 
17 Wheeler, loc. cit. 
18 Daubee, Cushman, Trans. Amer. Cer. Soc., p. 66, 1904. 
Olchewsky, Jahres-berichte uber Neuerungen und Erfahrungen in der Tonwaren und 
Kalkindustrie, 1880-81. 
* 20Dammer, Chem. Tech., 1. 
*1 Bischof, Die Feuerfesten Thone. 
22 Seger, Collected Writings. 
23 Grout, W. Va. Geol. Surv., Vol. III, 1905. 
*4 Ladd, Ga. Geol. Surv., Bull. 6a, 1898. 
*5 Beyer and Williams, Jowa Geol. Surv., Vol. XIV, 1904. 
76 Leppla, loc. cit. 
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main factors: first, the distance the clay particles can move on 
each other without losing coherence, and second, the amount. of 
that coherence or resistanee to movement. The first factor will 
vary with, (a) the shape and size of the grains, and (b) the dis- 
tanee through the water film that they will attract each other. 
The second factor will vary with (a), the friction in the films, and 
(b), the friction of the grains on each other. In this, Grout has 
included the idea of the influence of size and shape of grain, the 
molecular attraction of grain for grain, the influence of viscosity 
of the water film. the surface tensions of the liquids and solids 
involved, and the softness or smoothness of the solid particles. 

In his summary of the possible causes of plasticity, he writes 
that fineness of grain, plate structure, and colloids are insuffi- 
cient. He may be quoted as follows: ‘‘A theory is proposed 
which bases the cause of plasticity on cohesion and adhesion and 
suggests that the high plasticity of some clays is due to the 
greater attraction of those grains for water. As it is shown that 
such an attraction depends on the constitution of the molecule, 
any change in the chemical constitution affords a reasonable ex- 
planation of the fact that clays of definite composition may vary 
in plasticity.’’ 

By calculating the amount of water necessary to cover the 
grains of a clay by a water film 0.00005 m.m. thick, he found that 
the result, ina great many cases, was close to the mount of water 
needed in tempering to a good plastic mass. If more water is 
added, the water film increases in thickness, and the molecular ~ 
attraction is lessened. 

Purdy’ tried to show that the calculated amount of water 
necessary for such a film is not always equal to the water needed 
for tempering. Grout, himself, pointed out that the thickness of 
the water film would vary, and his own reasoning makes his water 
calculation useless. It is well known that some clays have quite a 
range through which water may be added to make a good plastic 
mass, while others may be overwatered very suddenly. This last 
is often noted in silty clays. 

All these theories have gradually led up to the last one on 


*7 Purdy, Jil. Geol. Surv., Bull. IX, 1908. 
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the classification, the presence of colloidal matter, and in reality 
this embraces all the other theories if properly applied. 


D. THE PRESENCE OF COLLOIDAL MATTER 


In taking up the colloid theory of plasticity it would, per- 
haps, be best to lead up to it by giving a short description of the 
present day conception of colloids. 

In the early sixties, Thomas Graham,?® an Bueiish physicist, 
working on the phenomenon of diffusion of dissolved substances 
through organic membranes, found that certain substances passed 
through freely, while others did not do so, or at most, very slowly. 
In general, he found that substances of pronounced erystal habit 
passed through, and other amorphous bodies, such as gelatin, gum 
arabic, ete., apparently in true solution, did not. diffuse. This 
led him to divide matter into two great classes, colloids and 
erystalloids. Further work along this line showed that substane- 
es, formerly considered insoluble, could be obtained in what ap- 
peared to be true solutions, yet they would not diffuse like true 
solutions. He called these apparent solutions, colloidal solutions 
or sols. 

He found that shght additions of electrolytes, acids and 
bases, which did not react chemically with the substance in col- 
loidal solution, tended to precipitate or coagulate it. These co- 
agulated sols he called gels, because of their jelly-like nature. 

Graham worked with colloidal solution of silicic acid, tungs- 
tic acid, chromium, aluminium, and ferric hydroxides. He was 
not the first investigator to prepare these sols, but he was the first 
to attempt a systematic investigation of their properties. 

Since Graham’s time, we have come to know that colloidal 
means a physical condition that may be taken on, to a greater or 
less degree, by all substances. 

In considering the colloidal condition, we have to think of 
two phases being present, namely, the solvent and the colloidally 
dissolved substance. Ostwald29 and Free®® have classified the 
possible phases, calling the solvent the dispersive medium, and 
2 ee PRE Trans., pp. 183-224, 1861. 


“* Ostwald, Kolloidchemie. 
30 Free, Jr. Franklin Inst., 1910. 
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the colloidally dissolved substance, the disperse phase. Either 
phase may be considered, a solid, liquid or gas. 
CLASSIFICATION OF COLLOIDS 
DISPERSE PHASE 
DISPERSIVE 
MEDIUM GASEOUS LIQUID SOLID 
Gaseous Class 9:7 G+G—/Class 8: G+tL—)/Class 7: ° G+S— 
no real exam-| Fog., e. g. at| Smoke, cooled 
ple as gases al-| the point off am monium 
ways are com-| liquifaction of] chloride, vapor, 
pletely misci-| gases, atmos-| ete. 
ble. pheric fog, etc. 
Liquid Class: 6: mG Cidss 54 1 Class 42-7 Ss 
Foams. Emulsions. Suspensions, 
gels. 
Solid Class: 3:%S+G—\ Class 2: S+L—/Class 1: S+S— 
Gas~inclusions|-. Liquid: in-clu-| -Inelusions of 


in -minerals 
(pumice) or in 
metals. 


sions in miner- 
alse. C huuded 
water; water ot 


solid particles 
in minerals; 
solid solution. 


crystallization. 


The most important are the liquid-solid and liquid-liquid 
systems, represented by suspensions and emulsions. 

To show the relation of these systems with true solution, the 
following diagram may be given, Figure 1. 

Any substance, amorphous or crystalline, may take on the 
colloidal condition, and there is a tendency toward an equilibrium 
between these three states and true solution. 

Certain substances go under proper conditions from the sol 
to the gel state, and back again. Such colloids are spoken of as 
reversible. Others that will not do this, but become set gels, are 
spoken of as irreversible. 

A large number of sols of the metals and their oxides, hy- 
droxides, and sulphides, are known and are being used commer- 
cially. 

Solium chloride is an example of a substance we know com- 
monly in the solid erystalline state and in true solution, yet, 
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under proper conditions, it has been obtained in the colloidal 
state. 

Besides these artificially prepared colloids, there are a num- 
ber of substances, such as gelatin, albumin, agar, etc., which can 
be dissolved as sols without any special precautions. With these 
sols the solvent need not be water, but will vary in each case. As 
_an evidence of their condition as sols, and not in true solution, it 
has been found that as sols they have no effect on the boiling or 
freezing points of the solvent. 
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By the use of the ultra-microscope, invented in 1905 by R. 
Zsigmondy and H. Siedentopf, we have been able to observe the 
size of the particles in colloidal solutions. The particles of many 
sols have been measured and shown to be larger than the ecaleu- 
lated size of the molecules in true solution. This difference in 
size of particles and the inability of colloids to diffuse are the 
fundamental differences between colloidal and true solution. 

The viscosity of colloidal solutions is another important 
property to be considered. The determination of viscosity is of 
fundamental importance in investigating the properties of the 
colloidal state. As Ostwald?! has pointed out. this constant is 
extremely sensitive toward small alterations in the condition of 
the colloid. He considers the variability of viscosity of sub- 
stances in the colloidal state as due to differences in, (1) concen- 


"1 Ostwald, Trans. Faraday Soe., 9, 1918. 
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tration, (2) temperature, (3) degree of dispersity, (4) solvate 
formation, (5) electric charge or ionization, (6) previous thermal 
treatment, (7) previous mechanical treatment, (8) inoculation 
with small quantities of more viscous colloids, (9) age, (10) 
presence of electrolytes or non-electrolytes. 

In general, it has been found that the metal and sulphide 
sols have little effect on the viscosity of the solvent, while or- 
ganic sols have been found to show marked increase. The or- 
ganic sols are usually liquid, and this has led us to consider that 
in colloidal solutions showing an increased viscosity the disperse 
phase is a liquid. 

It has been shown by Stokes in 1850, that. a small particle 
falling in a liquid assumes a constant velocity, and as the radius 
of the prticle: becomes smaller, the rate of falling decreases. 
Hence with very small particles we may have a suspension that 
will appear stable for a long time. 

Schloesing?? experimented with the settling of clay suspen- 
sions and ecal’ed the material he found in suspension, after 27 
days settling, colloidal. 

The writer experimented with the settling of suspensions of 
three excessively plastic clays from Western Canada. After al- 
lowing fifty gram portions to settle in 1000 ¢.c. measuring tubes 
for twenty-four hours samples were taken from different depths 
and examined under the microscope to determine the size of the 
particies. The curves in Figure 2 show the size of the largest 
particles, at the different depths. There is much eolloidal sus- 
pension matter present, as well as emulsion colloids. Number 1 
was lheht colored, and ‘had the least. quantity of material in sus- 
pension. Number 2 was darker colored, and there was more 
material in suspension than in Number 1, and Number 3 was the 
darkest colored and much material was in suspension. 

Besides the influence of gravity, there are two other factors 
to be considered in the stability of a suspension colloid. These 
are the Brownian movements, and the electric charges on the par- 
ticles. The Brownian movements are those movements noticed 
in all fine suspensions, by which, the particles seem to be jumping 


_ 82 Schloesing, Compte rendus, 1874. 
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around in all directions in the liquid medium. The Brownian 
movements are named after their discoverer, Dr. Brown, an Eng- 
lish botanist. The phenomenon is explained as due to the impact 
of the molecules of the liquid on the colloid particles. Clay sus- 
pensions show this under the high power of the ordinary micro- 
scope. The particles of a suspension are charged alike, and con- 
tinually repel one another. In true solutions there is electrolytic 
dissociation into ions, but colloidal solutions have been described 
by Niklas? as couples of molecules retaining a given charge on 
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the surface like any ae de hie particles in water suspen- 
sion assume negative charges. On the addition of an electrolytic 
this charge is neutralized, and the particles bunch together and 
coagulation results. 

In 1874, Schloesing?* experimented with the addition of 
electrolytes to clays. Since his time many other investigators 
have experimented with this phenomenon, and most important 
has been the work of Ashley,®® in his attempt. to control the col- 
loidal matter in clay. 

It has been known for some time that the addition of small 
" 88.Niklas, Int. Métt. f. Boden Kunde, Vol. 3, 1908. 


= Schloesing,, loe. cit. 
35 Ashley, Trans. Amer..Cer. Soc., Vol. XI, 1909; U. S. Bur. Stand., Bull. 23, 1913. 
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amounts of colloids, belonging to the emulsion class, greatly in- 
creases the stability of a suspension. These colloids that do this 
are spoken of as protective colloids. They are very much less 
sensitive to electrolytes than the suspensions. Their effect is ex- 
plained by assuming that each colloidal suspension particle is 
surrounded by a thin layer of the emulsion colloid, and then takes 
the electric charge of the latter. 

The most important inorganic emulsion colioid is silicic acid. 
On the addition of HCl to a sol of this acid it will set to a gel, 
without the separation of water, and the change is not reversible. 
It was thought, at first, that this gel represented a definite hy- 
drate, but the work of Ramsay,?® Spring,?* von Bemmelen,*® and 
others, on dehydration and rehydration, has shown that it is not 
a definite hydrate, but loses and gains water as the humidity of 
the surrounding atmosphere varies. Similar work on other hy- 
drates, such as the mineral limonite, has shown that compounds 
of this nature are not definite hydrates, but take on and lose 
water with the changing conditions. 

Lowenstein®? experimenting with clays, found that they lost 
water continuously. Reference may be made here to the recent 
work of Bleininger,4® and Brown and Montgomery?! on the de- 
hydration of clays. 

Colloids of the silicic acid type have the important property 
of adsorption of other colloids and salts from solution, and are 
known as adsorption colloids. Such hydrous gel bodies are shown 
to be present in clays by their degree of adsorption. Ashley’s 
method of calculating the colloid matter in clays depends on this 
property of adsorption. 

The organic colloids are very numerous, and many of them 
are known to be present. in clays and soils. In this connection 
reference may be made to the recent work of the soil research 
chemists of the U. S. Bureau of Soils,4?, in isolating organic com- 


36 Ramsay, Jr. Chem. Soc., 1877. 

37 Spring, Zeit. f. Anorg. Chem., 1892. 

38 yon Bemmelen, Chem. Centra., 1882; Zeit. f. Anorg. Chem., 1900. 
39 LOwenstein, Chem. Abst., p. 887, 1910. 

40 Bleininger, U. S. Bur. Stand., Bull. 1. 

41 Brown and Montgomery, U. S. Bur. Stand., Bull. 21. 

420. §. Bureau of Soils, Bulls. 53, 74, 75. 
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pounds. By the latest published report they have succeeded in 
identifying some thirty-four different organic compounds. 

Clays are simply buried soils, or soils reworked by water, so 
we may expect to find these organic colloids present to some ex- 
tent. Whether they are present as emulsion colloids, and acting 
as protective colloids, has yet to be definitely determined. We 
do know that many of the excessively plastic sticky clays often 
contain considerable organic matter. 

H. Gedroiz*#? states that such compounds as Fe,O,, Al,Os, 
and $10,, which result from the decomposition of minerals, are 
considered hydrosols at the moment of their formation. On the 
future history of the soil depends the physical and chemical 
properties. The sols set to ge's, and, where organic material is 
not present as a protective colloid, these soon become solid and 
amorphous. Where the soil is rich in organic constituents, the 
latter protect the inorganic colloids from coagulation. 

The chief colloidal materials to be considered in clays are 
sl.icic acid, aluminium and ferric hydroxides, and the organic 
emulsion colloids. We may also add the hydroxides of titanium, 
chromium, manganese, zine, copper, etc. The alkaline earths are 
known in the colloidal form, but as such are very unstable, and 
soon pass to the crystalline state. 

Baul! inorganic crystalline substances may be said to be sol- 
uble in water to some extent. Of the common rock-forming min- 
erals Buckman‘! gives the following list arranged in the order 
of solubility from quartz, the least soluble, to nepheline, the most 
soluble. 


1. Quartz. ST alee 

2. Muscovite. 9. Hornblende. 
3. = -Bionte 10. Augite. 

4. Orthoclase. Tt Apatite. 

5: oPlasioclase: ; 12. Olivine. 

6. Epidote. eal oa ett OUCH: 

%. Serpentine. 14. Nepheline. 


In the light of colloid chemistry, we may consider these min- 
erals, in contact with water, as tending toward a state of equilib- 
rium. At the point of contact there is the tendency of the min- 


8 Jr, Kap. Landw., 9, p. 272-98, 1908. | 
44 Buckman, Trans. Amer. Cer. Soc., p. 346, 1911. 


THE PLASTICITY OF CLAY AG: 


eral to go into solution; but the action is so slow, that the colloid 
condition has a chance to develop. This equilibrium is well 
shown in the table given and may be further illustrated by the 
sketch of clay particles very much enlarged as is shown in Fig- 
ure 3. 

In examining clay grains under the microscope, it is often 
noted that the crystalline grains all show decomposition products 
through them and more particularly around their borders. The 
more soluble constituents are being removed along with infinitesi- 


TRANS. ANA CER. S0c Vol XV FIG.S. DAVIS 


CSONTS 
Cf Se 










Zone OF Solutior7 
NA Sorrmatlior7 
‘ ee OF coMOlds 


Pai SHOWS JeCOl7- ey ; 
BRE EG, — ae Walrer Li 
Bye 4 SCOSY YI b2 
Vf—W arsed Ly - 
SOS /-Collolas (orgaryé) 
2- Salts (7? soluriory. 











mal amounts of the least soluble. At the same time, new mineral 

‘combinations are being formed, and part of the oxides produced 
oo into the sol state and may later become gels. Where alumina 
and silicic acid sols are being formed at the same time, they tend 
to coagulate one another to gels.4° Other colloid sols have a 
similar effect on one another. 

The process has been considered essentially one of hydration, 
as illustrated by Cameron*® with the mineral orthoclase, as fol- 
lows: 

K Al SiiO,+HOH=KOH+HAISi:Os. 
H Al SisOsx—SiO2 =HAISiO-—pyrophyllite. 


H Al SizO,-—SiO2 =HAI1Si0O.—kaolinite. 
H Al SiO: —SiO., =HAI1O.—diaspore. 


# Stremme, Centbl. Min., 1908. 
46 Cameron, U. S. Bureau of Soils, Bull. 30. 
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Similar formula might be written to represent the action 
with other common rock-forming minerals, such as the micas, 
hornblende, pyroxenes and olivine, except there would be other 
oxides besides SiO,, which would tend to the colloidal condition. 

In general the rate of decomposition and formation of col- 
loidal material will vary with, (1) the solubility of the substance; 
(2) the conditions of temperature and pressure; (3) the effect of 
salts in solution; (4) mechanical treatment; and (5) the effect 
of organic colloids. 

Since Schloesing’s time, the colloid theory of plasticity has 
grown under the investigations of Rohland, Cushman, Atterberg 
and Ashley. The present-day view of plasticity may be summed 
up by quoting Ashley as follows: ‘‘ Almost any mineral, as well 
as soluble salts, may be present in clays and modify the proper- 
ties somewhat. The combination of granular and colloidal ma- 
terial is, or should be, in such proportion, that when reduced to 
proper size, and moistened with an appropriate amount of water, 
plasticity is developed.’’ ; 

The question to-day is to discover the true nature and quan- 
titative effect of the clay colloids. In the past, methods of in- 
vestigating clays have been of a qualitative nature. 

SUMMARY 

After this review of the subject the writer advances the fol- 
lowing conclusions : 

1. In the decomposition of rock minerals to form clay, the 
erystalline minerals, under the influence of water and other agen- 
cies, tend to form colloidal modifications, soluble salts and more 
resistant crystalline complexes. 

2. The common colloid sols formed are those of silicie acid, 
aluminium, and iron hydrates. 

3. When formed these sols tend to coagulate one another, 
and form gels. 

4. These sols or gels remain, in part, coating the mineral 
grains. 

d. Besides the inorganic colloids, organic sols and gels are 
present, formed by the decomposition of animal and plant life. 
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6. These organic colloids and adsorbed salts tend to raise 
the viscosity of the waterfilm, hence increasing plasticity. 

7. The finer the grain of the clay, the more chance there is 
for colloidal material to form. 

8. The longer the clay particles are subjected to the solvent 
action of water the more colloidal material is formed. 

9. The bonding power and shrinkage depends on the size 
of grain, mixture of fine and coarse grains and the nature and 
varieties of colloids of the emulsion class. 


THE FELDSPAR SUPPLY OF THE UNITED STATES’, 


BY ARTHUR 8. WATTS 


There is no other material used by the potter upon which 
the success of his business so greatly depends as upon the feld- 
spar. The clays used are, fortunately, from districts having ex- 
tensive supplies which vary only shghtly, and the flint is ob- 
tainabie in equally uniform quality and great quantity. The 
feldspar, however, is obtained from igneous intrusions of very 
irregular structure, and the material mined must be carefully 
sorted is order to obtain the class of product desired. 

The personal judgment of the operator and of his numerous 
employees regulates the quality of material accepted, and upon 
the uniformity of this selection the potter depends for his qual- 
ity of ware. Fortunately, the men employed in sorting the 
quarried material are trained by long acquaintance with feld- 
spar mining, otherwise serious trouble might easily result. The 
ordinary practice is to blast a quantity of material loose from 
the face of the deposit. While fresh holes are being drilled into 
the deposit for another blast, a crew of men provided with light 
sledges handle this loose material, knocking off the most impure 
portions, and by this process, which is known as cobbing, the 
sorting is effected. The valueless material goes to the dump, 
while the accepted material goes into a cart or wagon and is 
generally stacked in heaps in an open place, where the rains are 
expected to remove any fine dirt or mud adhering to the broken 
stone. Whether this treatment is of short or long duration, 
whether it is supplemented by a more effective cleaning, whether 
the crude feldspar is heaped upon the bare ground, or is pro- 
tected by a platform, depends upon the judgment of the oper- 
ator. 

A ground feldspar has a color approaching white, and the 
natural colors in the massive rock will account for any faint 
creamy tint. 

Another cause of variation in feldspar is the irregularity of 


1 Published by permission of the Director, Bureau of Mines. 
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the material itself. If feldspar were a single mineral instead of 
a class of minerals, or if it varied only within narrow limits, the 
user would be justified in having few fears. If the continuity of 
a given deposit was such that he could depend upon obtaining 
his feldspar supply from one source, and could learn the pecu- 
harities of that particular deposit, the problem would be simple. 
If a deposit suddenly pinches out, or becomes so impure that 
other material must be added in order to make the product mar- 
ketable, the chances are that the properties of the material will 
be somewhat altered, and this will demand a correction in heat 
treatment. Such a condition must not be charged against the 
feldspar producer. 

The demand is for pure feldspar. Only a small proportion 
of any deposit consists of pure material, and as this class of 
material is reduced to the point of exhaustion, while the demand 
increases, the best portions of the mixed dike material are intro- 
duced and are found to furnish a saleable product. As the 
natural result of such a process of selection, the quality gradu- 
ally deteriorates, until additions of pure feldspar from newly 
opened deposits are necessary to produce a marketable product. 
The question is: How long will we continue to find new deposits 
of feldspar to supply this demand? 


Any person who has given the matter any attention has 
come to realize that the commercial supply of feldspar, free from 
quartz is very limited. In France, the supply of feldspar mixed 
with both quartz and kaolin is very limited indeed, and the fam- 
ous wares of Limoges are made to-day from the pegmatites of 
the Saint Yriex district which are partially weathered. These 
are crushed and pulverized, and to them is added such additional 
flint and kaolin as is necessary to obtain the desired strength for 
molding and the demanded translucency when fired. 

England has long employed the pegmatites of Cornwall as 
flux material for her pottery industries, and while the lower 
erade of Cornwall stone does not produce as fine vitreous ware 
as the best feldspar, the earthenware of Staffordshire has found 
a market. 
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The feldspars of Scandinavia are also in reality pegmatites, 
if we may judge from the analyses obtainable. 


All of which goes to show that the pure feldspar deposits 
such as the American potter has been obtaining his supply from, 
have been exhausted in the ceramic centers of Europe, and the 
old world potter must content himself with a mixture of feld- 
spar and such other minerals as are not actually injurious when 
properly prepared. Toward this same condition the American 
potter is approaching, and the condition is not improved by 
imagining that we are using the same quality of material as we 
obtained when the deposits were first opened. 

As the necessity for substitution arises, the importance of 
an acquaintance with the different feldspar producing districts 
of our country becomes greater. 


MAINE FELDSPAR DISTRICT 


One of the largest and most important of our feldspar pro- 
ducing districts extends from the Atlantic coast, Sagadahoe Co., 
Maine, in a northwesterly direction through Androscoggin and 
the east end of Cumberland County into Oxford County. 

The feldspars of this district are, for the most part, pale 
buff and pale cream colored. Pale salmon feldspar is found only 
in a few gem bearing pockets. They are chiefly microclines (pot- 
ash feldspars) with perthitic intergrowths of albite (soda feld- 
spars). Soda feldspar is not common but occurs in limited 
amounts on Mount Apatite, Androscoggin Co., near Auburn, 
Me. It is milk white in color and sometimes exists as the lamel- 
lar variety, clevelandite. Soda pegmatite also occurs on Mount 
Apatite as lenses in a potash pegmatite. 

The potash feldspar occurring in the pegmatites of Maine is 
remarkably constant in composition. Analysis from south to 
north through this Maine district shows the following: 
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TABLE I—POTASH FELDSPARS OF MAINE 


Sie 64.67 64.90 65.07 64.97 65.48 
AlOs...2 19.18 19.75 phat) 19.48 19.39 
Fern. 0.20 0.12 0.10 0.04 0.08 
=e @ bree 0.99 anette trace Re OMA 
MeO. .-.. trace trace trace trace trace 
NaO.... 2.54 a5 Gee, 2.52 2.56 2.85 
6G eas 12276 12.04 12.58 TL76 Tag 


The soda feldspars of Mount Apatite show the following 
analyses: 





TABLE II—SODA FELDSPARS OF MAINE 
ALBITE ALBITE PEGMATITE 
Sor Rar MOE oe one Lar RE eas 66.36 71.55 
15.0, LI Ri) Do RRS ta oe Ra eel 21.35 18.11 
| SOOT eR te sees PA Sees Paieae Von eee es ia be. 0.16 
BA ee ee Red nN eis ig wh ne FAs 1 ho 0.46 
CORR GRRE DO ere Re ge 0.21 trace 
iO I i ade AR a Sale wey Se ail airs a ea 9.74 S72 
tS ON ae IRI RR ae  Pcege at Cn ey re Oo 0.73 0.64 


The-potash feldspars have a deformation range of from 
1275° to 1295° C. or cone 7+ to cone 8+. They fuse to a trans- 
parent glass practically free from tint or shade. The soda feld- 
spars have a deformation range of from 1270° to 1275° C. or 
cone 7 to cone 7+. 

The chief associated impurities of the Maine feldspars are: 
quartz, due to their occurrence as pegmatites, black tourmaline, 
which occurs in the southeast portion of the district, muscovite 
which occurs in limited amounts throughout the district, and 
biotite which occurs throughout the district wherever the black 
tourmaline is not abundant. Garnets and beryl are not present 
in sufficient quantity to affect the quality of the feldspar. The 
black tourmaline and biotite are e:iminated by ecobbing. The 
content of quartz is controlled by the rejection of such material 
as shows an excessive content of free quartz. The muscovite is 
removed by cobbing when present in large masses, but when it 
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occurs as small flakes, its presence is ignored or its removal is 
effected by screening the material, after the crusher treatment 
and before placing it in the ball mill for pulverization. 


CONNECTICUT FELDSPAR DISTRICT 


This district follows the Connecticut river through Hartford 
and Middlesex counties for about 20 miles. The feldspars are 
strikingly similar to the Maine feldspars both as regards compo- 
sition and physical properties. The color is pale buff and pale 
cream. The analyses of three average samples taken from the 
pegmatites of this district is given below: 


TABLE III—CONNECTICUT POTASH FELDSPARS 
Si @ driers ce con See 65.64 65.24 66.02 
WA Oe cedicen otc, eee 19.10 19.74 18.99 
| as) Pe Sa cnc amitae 8 ae ie 0.14 Or ke 0.08 
Cars eet hee nan trace none none 
IVE) re sak ok Bee re ee trace none none 
NasO' sf oan hee eee 2.32 3.04 ops 
RO OMG > eae, ek eee ore 12.58 : 11.84 10.96 





These feldspars have a deformation range of from 1270° to 
1290° C. or cone 7 to cone 8. They fuse to a transparent glass 
with practically no trace of color. 

Soda feldspar does not oceur in commercial quantity in this 
district but 1s found as small lenses in most of the deposits, and 
is also present as a perthitic intergrowth with the potash feld- 
spar. 

The associated impurities with the Connecticut feldspar are: 
quartz, present in the pegmatite, black tourmaline found 
throughout the district; muscovite found in books in many de- 
posits but also generally distributed as fine flakes in all the peg- 
matites of this district; biotite scattered through all the dikes, 
but generally in aggregates of sufficient size to permit of suc- 
cessful cobbing. Garnets occur in negligible quantity. 

The chief and only apparent difference between the Maine 
and Connecticut feldspars is the presence of a slightly higher 


THE FELDSPAR SUPPLY OF THE UNITED STATES 85 


quartz content in the pegmatites of Connecticut than in the 
pegmatites of Maine. 


THE FELDSPARS OF OTHER NEW ENGLAND STATES 


Feldspar occurs in New Hampshire near North Groton, Gro- 
ton Co., as a pegmatite, but this has been worked for mica only, 
and no data is available as to its value as a source of feldspar. 

In Vermont, the existence of vast areas of granite would in- 
dicate the likelihood of pegmatite being present, but no work 
has been done in that state. 

In Massachusetts a deposit of feldspar bearing pegmatite 
occurs near Blandford, Hampden County. This feldspar is sim- 
ilar in every respect to the Maine and Connecticut deposits, but 
work has been bandoned on account of the haul of four miles to 
Russell, Mass., which is the nearest railroad station. 


THE FELDSPARS OF NEW YORK 


The feldspars of this state are of widely varying nature and 
do not in any respect resemb:e the New England deposits. For 
convenience the New York deposits may be divided into the fol- 
lowing districts: the Ticonderoga district, the Batchellerville 
district, and the Westchester County district. 

The Ticonderoga District. This district includes the area 
about Crown Point and Ticonderoga, Essex Co. The feldspar is 
a mixture of pearl gray potash feldspar and a sea green soda- 
lime feldspar. The deposits contain large amounts of black 
mica which is scattered throughout the mass. The soda-lime 
feldspar carries a high content. of iron, and if mixed with the 
potash variety would render the whole valueless for ceramic 
purposes. The intimacy of the mixtures of feldspars would ren- 
der such a separation very difficult, and the major portions of 
the feldspars of this district are therefore of doubtful value for 
ceramic purposes, although the potash feldspar is in itself of 
excellent color. If clean the potash feldspar would make a high 
gerade pottery feldspar, although it fuses at a slightly lower 
temperature and has a shorter deformation range than most pot- 
ash feldspars. 
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The Batchellerville District. The Batchellerville district 
includes the areas about Corinth and Batchellerville, Saratoga 
Co., and Northville, Fulton Co. 


The pegmatite of the Corinth deposits contain a feldspar of 
the pearl-gray potash variety similar to the potash feldspar of 
the Ticonderoga district. The lime-soda feldspar is absent how- 
ever, and the biotite present is not so generally distributed. Only 
a small amount of feldspar has been removed from the deposits 
at this point. From surface indications, the deposit should pro- 
duce some valuable pottery feldspar, although the extent of the 
deposit is not determined, and when opened may prove to be 
less pure than is indicated in the prospect openings. 


TABLE IV 


ANALYSES OF FELDSPARS OF THE TICONDEROGA DISTRICT 


SiO ey Se a eee 64.00 65.00 64.01 


70.26 
ABO? esac ie eee: £9513 20.90 18.28 16.36 
BesOs. eee 9 ee O72 0.10 0.58 0.116 
Ga® a3hi. ees. See O4%4. 0.50 0.74 0.68 
Lites @ Pee rane Meet es Cee 0.28 trace 0.39 0.267 
Ke @ et tate vn eae ee 1203904 10.45 14.09 8.753 
NaiOeree eee ee 3.06 22715 Teas SO ELC 
hefition sd: 285.0 nee 0.32 0.20 0.48 0.43 





The Batchellerville deposits are very coarse pegmatites con- 
taining large lenses of pure feldspar. Very little mica is present, 
and such as occurs is chiefly of the white variety. The feldspar 
is almost exclusively of the potash variety and ranges in color 
from a pale white to flesh color and pale salmon. None of the 
green oligoclase found in the Ticonderoga district is noted here. 
The feldspars of these deposits vary somewhat as regards tem- 
perature and rate of fusion, but all are more fusible and have 
shorter deformation ranges than the Maine and Connecticut 
feldspars. Their color however is excellent. 


The deposits about Northville are pegmatites of varying 
coarseness. The feldspars present are flesh colored potash fe‘d- 
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spar of fine quality and a small amount of soda feldspar of a 
pale celadon tint. The associated minerals are quartz, biotite 
and a small amount of muscovite. The soda feldspar fuses to a 
very pale cream color, and the biotite is generally coarse enough 
to be readily removed by cobbing, hence these deposits should be 
producers of some valuable commercial feldspars. 


The properties opened in the Batchellerville district have 
up to the present time been drawn on only for the purest feld- 
spar, and this has been used chiefly to ‘‘sweeten’’ the product of 
other districts in order to render them marketable. There is 
much valuable pegmatite unmined in this district, but poor rail- 
road facilities discourage mining at the present time, and none 
of the properties in this district are now operating. 


Westchester County District. The Westchester County 
district is located just east of Bedford Village and consists of an 
enormous dike exposed along a ridge and numerous smaller dikes 
or stringers radiating from the main body. The feldspars of this | 
deposit vary widely. In the eastern portion of the dike, which 
has a general north-northeast direction, the feldspar is a pink to 
salmon, potash feldspar, almost free from quartz, and associated 
with this is a soda pegmatite. Occasional masses of a chalky 
white soda feldspar are also noted in this portion of the dike. 
All three forms of feldspar occur in coarse masses, and their 
separation on a commercial scale is entirely practical. Black 
mica occurs in some portions of the soda feldspar, but these por- 
tions could be easily eliminated. These feldspars are all of ex- 
cellent color. The potash variety has about the same tempera- 
ture of, and rate of fusibility as the pure Connecticut feldspar. 
The soda feldspar is about two cones softer than the potash feld- 
spar and of very short deformation range. 


To the west of main deposit and at about an 80 foot lower 
level, an opening has been made exposing a large deposit of 
white and dark buff pegmatites. The latter does not resemble 
the potash feldspar of the upper deposit in appearance, but has 
about the same deformation range and temperature of fusion. 
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TABLE V—ANALYSIS OF COMMERCIAL FELDSPAR OF WESTCHESTER 
COUNTY, 'N. Y: 


SiOe: Gyo ent AR 69.45 64.32 73.88 


ibs Qs cae cash eieets Gee 16.76 18.68 15.273 
He 2 et Oe cena ae ee 0.20 0.45 0.36 
GAO ee ree eer at ee 0.45 0.28 0.86 
NEO ON aa canoe neater 0.05 0.27 0.36 
Ba@s 2 Se tec’ cent errtretae 020%, “F.4) ap Bei ae) ilk ect eae 
Ke Ort ets Ok ee 9.80 13.24 0.48 
NEVO a. Oe ete 2.60 273 729% 
Lowitloner: seen we ai 0.28 0.27 0.40 


To the east of the main deposit are several small dikes of 
cream colored potash feldspar pegmatite, but very little soda 
feldspar is noted in any of these. The temperature and rate of 
fusion of these cream feldspars are about the same as those of 
the pink feldspar of the main deposit. | 

The feldspars of Westchester County are of good quality 
but owing to the fact that operators in that district have catered 
to a cheap class of trade, the feldspar produced has not been of 
very high grade. With the same care exercised in mining and 
erinding as is observed in the Maine districts, a product could 
be produced which for most uses would equal the Maine feld- 
spars. 

THE FELDSPARS OF PENNSYLVANIA 


The only feldspar producing section of this state is located 
in Delaware and Chester Counties, along the line of the P. B. 
& W. R. R. One operation near Pomeroy on the Pennsylvania 
Rk. R. is also operated, but the output is worked up into poultry 
eTit: 

The feldspars of Pennsylvania are obtained chiefly from 
pegmatites which have been long recognized as of excellent qual- 
ity. Most of the large deposits have been exhausted, and at the 
present time the scrap heaps from some of the original workings 
are being forked over for the pegmatite which they contain. No 
single operation in this state is of sufficient extent to supply a 
mill, and the product of several small quarries are purchased 
and delivered to a central mill which blends them. 
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The feldspars are of both the potash and soda varieties. 
The colors of the potash feldspars are buff to salmon, the soda 
feldspars are white with a milky tint. The impurities, aside 
from quartz, are muscovite (rum and green mica), and in a few 
quarries, red garnets and biotite (black mica). The last two are 
generally confined to limited zones, and can be easily detected, so 
that their complete elimination from the acceptable material is 
merely a matter of care in sorting the crude feldspar before 
grinding. The soda feldspar present in the pegmatite dikes of 
Pennsylvania occurs in two general forms, (a) as fine inter- 
growths in the potash feldspars and (b) as small irregular 
masses in which the soda feldspar replaces the potash feldspar 
almost entirely. In the latter form, the quartz content of the 
pegmatite is much in excess of that present in the graphic potash 
pegmatites, and hence this form of feldspar was rejected during 
the early years of the Pennsylvania feldspar operations. As the 
pure feldspar masses became exhausted, and the graphic granites 
and pegmatites came to be used, this soda pegmatite came into 
use also. Hence the feldspars of Pennsylvania are to-day mar- 
keted with not only a higher quartz content, but they also con- 
tain a somewhat higher soda content than in the early days of 
operation in this district. 

For comparison there is given below three analyses of pot- 
ash feldspar from the same mill at intervals of three years: 


TABLE VI—PENNSYLVANIA POTASH SPARS 


1904 ANALYSIS 1907 ANALYSIS 1910 ANALYSIS 
gis, see ere Rae BS ye Pots 655.08)... 68.60 69.05 
Pee. chk. oh toes 19.12 18.40 17.40 
Ut SY, Var fg aie aed eC a oe 0.54 0.15 
CA) Deere ss Sa 0.41 0.30 Ose 
BUCCI LL E ore oe One 0.14 Spins 
KON a 2 eS Ogle ee pba te 11.9% 10.52 10.03 
ISG Loe Bde Fe Qe Ae ain ee 1.82 2.00 2.97 
Niolatile sac serie ts oDeelgo-3 0.80 O17 0.42 











997.96 100.67 100.14 
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The proportions of soda feldspar present in this last feld- 
spar is not In any sense excessive, and in fact is lower than most 
Connecticut feldspars at the present time. : | 

The largest deposits of soda feldspar ever found in the 
United States, and possibly the largest in the world, were located 
along the boundary between Chester Co., Pa., and Cecil Co., Md. 
These deposits are classified as soda pegmatites by Bastin (Bull. 
420, U. S. G. 8.), but not in the sense that they are mixtures of 
feldspar and quartz. No quartz is crystallized with these de- 
posits of soda feldspar. The chief. impurities are dark green 
hornblende and muscovite. The latter occurs only in small 
amount; the former is scattered throughout the dike and must 
be removed on account of its objectionable color. The enormous 
deposits of the soda feldspar which made this district famous 
have been almost exhausted, and operations are now confined to 
a few narrow dikes which are doubtless stringers of the chief 
deposits. 

Thus it appears that Pennsylvania as a feldspar producer 
has begun to decline, and unless new and extensive deposits of 
superior quality are found, the potter must look elsewhere for at 
least a large portion of the material formerly obtained from this 
field. 


THE FELDSPARS OF MARYLAND 


The feldspar producing area of this state lies in Howard 
and Baltimore Counties. The quality of feldspar obtained from 
Maryland varies widely. In some places, the dikes are so weath- 
ered that the material is forked over, and the solid pegmatite 
separated from the dirt in the same manner as that employed in 
some places in Pennsylvania for recovering the feldspar from 
the old dump heaps of the feldspar quarries. In most places, 
the feldspar is solid and occurs as a coarse pegmatite of two- 
types, viz., potash feldspar of a cream to salmon color, and soda 
feldspar of a chalky white color. Both are medium grained 
pegmatites, and rarely occur in graphic form. Biotite, which 
occurs in small amount in the Pennsylvania deposits, is very 
common in this district, and its complete removal demands great 
care if the product is to be of a desirable quality for pottery 
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uses. The feldspars are not unlike the Pennsylvania fe:dspars, 
and as the soda feldspar pegmatite is more abundant than in 
Pennsylvania, this district may be expected to provide a soft 
feldspar to replace in part the shortage of the pure soda feld-' 
spar of Pennsylvania. 


THE FELDSPARS OF VIRGINIA 


While feldspar deposits are reported at numerous points in 
this state, the actual production has been very small, and all the 
deposits so far opened have been worked for a short time and for 
various reasons have been abandoned. This is the case with the 
quarries at Prospect and Jetersville, and the quarries about 
Amelia Courthouse. While producing feldspar of excellent 
quality, these quarries have been operated for mica. and no at- 
tempt has been made to remove the feldspar. An abandoned 
mica mine near Hewletts Station, Va. shows some superb albite, 
but operations here have been long discontinued, and no large 
amounts of feldspar were ever removed from the shafts. 

A pegmatite dike near Lowry Station, Bedford Co. is ex- 
posed for a considerable distance. An analysis shows this to be 
a good mixed feldspar of the composition: 


De eee ee eee nme Ss a) 68.75 
meee or err Re Rae 18.56 
LOR Mea rt AIT OE Ar ey eT 03 
os LW Met og oe. Lees Rie a a ae aie Ea Ss 
Pale ene ee ee oe CE eA trace 
eae Rr oo eS ca ng ot tea 6.85 
RA ree ere eas frat iter UO, ae a 4.29 
yf ERGs (oa are ok ee Aaetal aae a .10 

99.83 


FELDSPARS OF NORTH CAROLINA 
The feldspar deposits of this state are distributed through- 
out the mountain section so7theast of the Great Smoky Moun- 
tains. The most promising districts are those described in Bul- 
Jetin 53, U. S. Bureau of Mines, as the Cowee District and the 
Sprucepine District. The former includes portions of Jackson, 
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Macon and Swain Counties and the latter includes portions of 
Yancey, Mitchell and Avery Counties. The feldspars through- 
out this state are generally cream white microclines with very 
low soda content. A few small deposits of soda feldspar and 
anorthoclase have been observed, but the great majority of de- 
posits in North Carolina are of potash feldspar. This occurs as 
extremely coarse pegmatites in the majority of cases; and the 
field being new, a large amount of pure feldspar is to be found 
as pure lenses in the pegmatite. Many of the pegmatites are so 
coarsely crystalline that the quartz content can be almost en- 
tirely removed by cobbing. The dikes are seldom large, how- 
ever, and as they stand almost vertical in a majority of cases, 
the problem of mining is more difficult than where the deposits 
are large lenses or le nearly flat, as is the case with many de- 
posits farther north. The chief impurities are quartz and mus- 
covite (white mica), with smaller amounts of biotite, (black 
mica), beryl and garnets. The latter three, however, are seldom 
present in quantity to seriously affect the color of the product. 
while the muscovite is generally coarsely crystalline and not gen- 
erally distributed throughout the entire mass. The mining in 
the lower district 1s confined to operations for mica, and no at- 
tempt is made to remove the feldspar except where it interferes 
with the mining of the mica. In the Sprucepine district, three 
feldspar quarries are now in operation, and others are to be 
opened in the near future. The potash feldspars of North Caro- 
lina may be safely represented by the following analyses: 
TABLE VII—NORTH CAROLINA POTASH FELDSPARS 





SiOpaeee 64.48 65.37 63.90 65.68 64.93 
ALOp ee. 19.43 17 92 19.97 19.08 19.45 
BhaO. a 0.01 0.02 0.15 0.14 ai 
CAOE RAS na ee) O17 0: 05° 4R| ky ee 0.05 
Ne Ope eave Po a EEA ORES Fe 
Ba Or eile: oe oe er ges 0) 39h 024 jaa eee ea eli eae fae 
K3@) ane 13.19 13.05 13.20 13.09 12.46 
Neon 2 1.84 2.10 1.01 2.08 2.54 

0.60 0.30 0.40 


Ignition. 0.90 0.17 

















99.85 98.80 99.58 100.37 99.83 
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Feldspars have been found in Georgia and are now being 
investigated by the Georgia Geological Survey, but up to the 
present time no operation of commercial feldspar quarrying has 
been attempted in that state. 

The foregoing sets forth the general location and extent of 
the feldspar deposits in the United States east of the Mississippi 
River. A few words must be said regarding the value of the 
material in its natural state, and the influence of the method of 
mining and grinding upon the quality of the finished product. 
The feldspars of Maine, for example, are not naturally very 
pure feldspars. In fact, no feldspar producing section in the 
United States has so many injurious minerals associated by na- 
ture with its feldspars. Nevertheless, the Maine feldspars are 
furnished to the potter in a state of purity second to none, if 
we except the quartz content, which cannot be eliminated and 
which must of necessity increase with continued mining opera- 
tions in any district. This high state of purity 1s obtained by 
untiring vigilance on the part of the miner and at the mill to 
insure against even the smallest introduction of iron bearing im- 
purity. 

The first duty of a feldspar mill operator is to remove all 
associated iron bearing minerals from the crude feldspar, and 
once clean, to guard against any iron or other coloring material 
contaminating the feldspar during the milling process. This not 
only includes the elimination of mica, hornblende, garnets, etc., 
which may be associated with the feldspar in the dike forma- 
tion, but also the removal of surface soil which may be adhering 
to the crude masses of feldspar through the action of drainage 
waters which have run into the quarry, or which may be attached 
to the rock through the practice of piling the crude feldspar 
upon the bare ground pending its removal to the mill. 

The general opinion prevails that the small amounts of im- 
purity which cause a natural feldspar to be cream, buff, brown 
or salmon, are lost in the fusing process, and that a dark feld- 
spar may fuse to as perfect a white glass, as is the fused product 
of a pure white feldspar. This is not true so far as the investi- 
gations connected with this study have indicated. The intensity 
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of color in the fresh feldspar is, however, no indicator of the 
intensity of color in the fused feldspar, nor of its coloring action 
in the pottery body or glaze. 

In general, the feldspars which fuse to the most color!ess 
or white glasses are those which are pure white or colorless. The 
next in order are the pale salmon and nearly transparent feld- 
spars. The next are the cream feldspars. These are generally 
opaque, or nearly so. The next are the brown and buff feldspars. 
The last and most highly colored when fused are the sea-green 
or olive green feldspars. 

This classification is for feldspars which do not contain any 
foreign material, other than that distributed uniformly, as a 
colorant, through the entire mass. 

The range of tints obtainable within the variation of natural 
feldspars, with the exception of the olive or sea-green feldspars, 
are only posible of detection where the materials are prepared 
with the utmost care. Any dirt or dust on the surfaces of the 
crude feldspar, or carelessness in the crushing or grinding pro- 
cess, may result in a fused product of a color far inferior to any 
obtainable by fusing the darkest colored natural feldspar, the 
olive green or sea green feldspars excepted. 

The problem, then, resolves itself into one, not entirely of 
obtaining the feldspar of the best natural color, but more es- 
pecially of guarding against the introduction of impurity natur- 
ally associated with the feldspar, and also of impurity which 
may be introduced in the milling process. 


DISCUSSION 


Mr. J. B. Shaw: Ishould like to ask Mr. Watts the relative 
soda and potash composition of the highest soda feldspar obtain- 
able. 

Mr. Watts: There is a soda feldspar in Pennsylvania near 
the Maryland line, which runs about ten percent soda, or nine 
and a half percent soda, and one percent potash, but it also con- 
tains a considerable amount of magnesia and lime. This deposit 
I understand is now controlled and used exclusively by one con- 
cern. Therefore, the soda pegmatites are practically the only 
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sources of soda feldspar available, and these would run perhaps, 
six percent soda and four percent potash, or about those figures. 

Mr. Denmead: I want to ask Mr. Watts what he would 
expect from a feldspar containing less than 5.4 equivalents in 
Si0,. 

Mr. Watts: I should say that it was not a feldspar. 

Mr. Denmead: It has the feldspar structure, and certainly 
seems like it microscopically and every other way. 

Mr. Watts: I should be much interested in seeing it, as 
there is no record of its existence made by any of the geologists. 

Mr. Denmead: A sample of it was sent me the other day, 
together with its analysis. 7 

Mr. Watts: Of course you might have a leucite, which is a 
potash silicate the same as feldspars are, but-it could not pro- 
perly be classes as a feldspar. . 

Mr. Denmead: I have not gone into the matter deeply, but 
I examined the sample under the microscope, and it certainly 
appeared to be a feldspar. I was greatly surprised at the analy- 
sis of it, and that is why I asked the question. 

Mr. Watts: I never saw a feldspar of that kind, so I could 
not say anything about it. : 


NOTE ON THE RESTORATION OF PLASTICITY TO 
POTTERY SCRAP CLAY 


BY J. MINNEMANN 


In the pottery industries where the loss in drying is con- 
siderable, the question of disposing of unfired scrap clay be- 
comes a problem. Ordinarily this scrap is used up daily as 
made and as long as the proportions remain within certain lim- 
its, no trouble is experienced. Occasionally, however, due to 
delay in shipments, break downs, ete., this material accumulates 
and must be disposed of quickly. 

The clay after having been made up into ware and dried is 
found to be less plastic when reblunged and repressed. This is 
evidenced in the shorter time necessary for filter pressing, by the 
action in the pug mills as described by Simeoe’, and: in the in- 
creased losses in the green state. 

It has been suggested that in drying, certain colloids become 
set, as in the case of the preheating of [Illinois joint clays de- 
seribed by Bleininger?. In no ease, however, was such a change 
noticed at so low a preheating temperature as prevails in a 
steam heated pottery dryer. Further, upon drying the clays 
used in the body, before blunging, no change in the working 
properties is noticed, and this would lead one to believe that 
the drying of the scrap clay had little to do with the loss of 
plasticity. 

The loss in plasticity might be attributed to the washing out 
of soluble salts in filter pressing. Where the water from the 
presses 18 not reused in its entirety, this theory seems quite 
probable, in view of the fact that the water from the presses 
contains considerable soluble material. 

Whatever the cause of this change may be, the writer has 
found that the plasticity may be restored by the addition of such 
electrolytes as tend to coagulate clay slips. Hydrochloric acid, 
magnesium sulphate, calcium sulphate and vinegar were used 


1 Trans. Amer. Cer. Soc., Vol. Xt. 
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on a commercial scale, in amounts varying from 0.05 to 0.1 per- 
cent, with scrap clay made from both English and domestic clays, 
the soluble salts being added to the scrap clay in the blunger. 

When used in proper amounts all showed nearly the same 
result, a restoration of plasticity equal to the original. Magnesium 
sulphate in amounts of 0.07 percent was found to be the most 
satisfactory, everything considered, and has been used commer- 
cially for several years, as occasion demanded. 


NOTE ON THE TRANSVERSE TEST APPLIED TO 
POTTERY PLASTER 


BY F. B. ALLEN, CER.E., WASHINGTON, D. C. 


The data in the following experiments were obtained in con- 
nection with a test performed upon a earload of defective plas- 
ter, while the writer was in the employ of the Pittsburgh High 
Voltage Insulator Co., of Derry, Pa. 

This plaster had the following marked properties: Some- 
times it would set very rapidly, sometimes slowly with a settling 
to the bottom of the stirring can. Its color was a very pale or 
light pink. The molds made from it gave variable results; some 
would break almost as soon as they were put in the machine, 
others would last longer. We had about seventy-five barrels of 
this material on hand which could not be used directly. 

The material was sampled and analyzed, giving the follow- 
ing results: - 


CaS OLS ay © aie Beane 88.20 
H.©. o> eaters 6.70 (Combined and free) 
94.90 


A precipitate of Al(OH), was formed when the solution 
was neutralized with NH,OH. This was filtered off but not 
weighed. The theoretical composition of pottery plaster is 
(CaSO,),H.O, which gives on a percentage basis: 


Gade Ree Ae ES ge etn ne 9a48 
Hg O* ir hs SSS ene ee eee eee 6.2 
100.0 


Comparing these figures with the above, CaSO, is seen to be 
low, and moreover the precipitate of aluminium hydroxide argues 
the presence of some foreign material, probably clay. 

Grimsley in ‘‘The Gypsum of Michigan,’’ says that the ten- 
sile strength of good plaster is about six hundred pounds per 
square inch. This was the initial strength of briquetts, some of 
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which were subjected to various conditions of temperature and 
moisture and the effects upon the tensile strength noted. The 
initial strength was around 600 pounds. Since a tensile strength. 
machine was not available it was decided to try the transverse 
test, of which the data below are the result. Five bars, eleven 
inches long by three-quarters of an inch square in section, were 
made from good plaster. Five similar ones were made from the 
defective plaster. They were made by the mold maker in the 
usual manner, no particular care being taken to make the sam- 
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ples different in structure from the mold material. The samples 
were dried three days on steam. The test was then performed 
on the bars as shown in Figure 1. The bars were suspended 
on knife edges and broken by means of a load applied at the 
middle. This load consisted of a bucket into which water was 
poured until rupture occurred. The extreme stress was then 
ealeulated from the usual formula: 


3 iz 
| Red bed? 
where 8S is the modulus of rupture in pounds per square inch. 
P is the suspended load. 
1 is the span in inches. 


b is the width of the section. 
d is the depth of the section. 





o— 
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The first five are the good plaster samples, the last five are 
those of the defective material. The span was originally intend- 
ed to be ten inches, but the limits of the knife edges, as con- 
structed, were only nine inches. 


TABLE I—TRANSVERSE TEST OF PLASTER 





SAMPLE | P | 1 B D Dp? s 


pounds inches inches inches inches 
A peters ane Oe owe ter MOS i 9 0.81 0.87 05757 600 
Chess Se ee 21.84 9 0.72 0.80 0.640 640 
3 29.47 9 0.78 0.94 0.884 O45 
ea ea ES 19.47 9 OD O28 0.608 567 
See Sie Ate 30.37 9 0.81 0.87 OFTS 660 
GARe ea. castes 26.31 9 0.72 0.69 0.476 1035 
ve 19.00 9 0.78 0.81 0.656 500 
Shes te see 25.03 9 0.69 0.69 0.476 1030 
OL Sarak sees 26.81 9 0.78 0.81 0.656 700 
10 27.81 9 0.75 O75 0.563 890 


What we want to call attention to, is the average of the first 
five tests, 608 pounds. The results for the different beams of 
this group are remarkably close together and of the same mag- 
nitude as that indicated by Grimsley as the tensile strength of 
good plaster. The results of the defective material vary too 
much to give an average. The results were similar to the be- 
havior of the molds, some poor, others too good to be true. 

Conclusion. The writer does not believe that the transverse 
formula holds rigidly for such materials as plaster, that is, that 
it stands the same load in compression as in tension, or closely 
follows Hooke’s Law. Nevertheless the results upon the first 
five beams are of the proper magnitude, and the method herein 
used of comparing the good with the defective plaster, gives a 
test of which every potter can take advantage. 


THE NEEDS OF THE GLASS MANUFACTURER IN 
THE WAY OF REFRACTORIES 


BY C. W. BERRY 


Very little has been published upon the subject of glass 
house refractories, such as flux blocks for tanks and mixes for 
plate and lead glass pots. This 1s due perhaps to the secrecy 
observed by the manufacturers of these products. Kach manu- 
facturer has his mixtures of clays and processes of manufacture, 
which are jealously guarded. Some of these mixtures have been 
handed down from one generation to another, with very few 
changes if any. Some mixes are merely a matter of-guess work, 
and a tank block or pot mix is placed on the market before being 
_ tested. A year usually passes before the value of such a mix 
can be determined, as considerable time is required for manufac- 
ture. In ease the service secured from the product is unsatis- 
factory, further changes are made in the mix, and another long 
period must elapse. This is continued year after year, until a 
satisfactory mix is found. Such a method of testing is at the 
expense of the g- ass manufacturer. 

Considerable work has been done in the Research Depart- 
ment of Laclede-Christy Clay Products Company, since the de- 
partinent was established about fifteen years ago, in testing clays, 
and developing and improving mixes. A representative visited 
Europe and studied the methods of testing clays and the manu- 
facture of pots and tank blocks. Most of the early work was 
devoted to improvements in manufacture and treatment of clays. 


In 1908 the work of testing mixes with glass batches was. 


started. The first experiments along this line were of selecting 
clays appearing to have value for glass house refractories and 
making up blocks and pots of small size, the pots being 4 in. by 
4 in. with 34 inch walls, and the blocks 2 in. by 2 in. by 4 in. 
Each pot or block was made of a single clay, using 50 percent 
raw and 50 percent burnt. The blocks were tested in a small 
tank with glass batch, and the pots were tested by melting glass 
batches in them. 
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These tests were on rather a small scale, but they were of 
importance in determining the value of clays for the purpose. 
The next step was to make mixtures of the best clays and test 
them in the same manner. 


About two years ago, it was decided to conduct the experi- 
ments on a larger scale, and to follow as closely as possible, the 
methods used in the glass factories. 

Over one thousand clays have been tested since 1908. Sixty- 
nine giass melting tests have been conducted and ninety-three 
different mixes tested during the same period. 

The Christy plastic fire clay has been used for tank blocks 
and pot mixes for many years, and is used in both the crude and 
washed forms. The Christy Fire Clay Co. began washing clay 
in 1857, and since that time this clay has been used by nearly 
every glass and pot maker in this country. The clay is found 
_ within the city limits of St. Louis and extends into St. Louis 
County. The center of the area is a section of the city known 
as Cheltenham, south of Forest Park. The clay is secured much 
after the manner of coal mining, both shafts and slopes being 
used. The depth below surface is about 75 feet, and the thick- 
ness of the seam averages 7 feet. There are some variations in 
the clay in different sections, especially in the amount of silica 
and impurities. The best grade of pot clay occurs in the Oak 
Hill district about one mile south of the Cheltenham district. 

Only the best of the clav is used for tank blocks and pot 
mixes, a careful selection being made in the mine and on the 
surface. Part of the clay is pure enough to be used in the crude 
condition, while another grade is weathered and washed and put 
on the market in raw and burnt blocks or ground to various de- 
grees of fineness. The clay left after the selecting and picking, 
is used in other products not requiring the highest grade clays. 

This St. Louis clay makes a good tank block or pot when 
used alone, but it is the usual practice to add other clays higher 
in plasticity and maturing at lower temperatures in order to 
form a body that is stronger and more dense, and which resists 
the action of fluxes to a greater extent. 

Most of the clays used for this purpose are imported from 
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Germany and Belgium. There are American clays equal in every 
respect to the imported ones, but the American manufacturers 
are rather backward in adopting them. In this respect they are 
much like the potters, who prefer to use foreign materials. Many 
clays have been tested in this laboratory in searching for substi- 
tutes for foreign clays, and several have been located. It seems 
possible to find clays in this country which are equal to every 
elass of foreign clays; we have received clays which are practi- 
cally the same, both chemically and physically, to imported pot 
and erucible clays. One American substitute for German pot 
clay, known as 69-B clay, was developed and placed on the mar- 
ket several years ago by the Laclede-Christy Clay Products 
Company and has given excellent results. 


TESTING TANK BLOCKS AND POT MIXES 
TANK BLOCKS 


This department is equipped with a crusher, pulverizer, pug 
mill and kilns. Experimental mixes are made up into block 4 in. 
by 4 in. by 8 in. The blocks are moulded, dried and burned in 
the same manner as the commercial blocks in factory. Ten blocks 
of various mixes are placed on end in a tank, which is built in 
the furnace. The tanks are four and a half inches deep, and of 
sufficient size to allow several inches space between blocks and 
aiso between tank walls and blocks. The furnace is equipped 
with a counter-weighted sliding door. The tank thas an outlet 
through which the molten glass can be withdrawn. When the 
temperature of the furnace has reached the proper point, a 
stopper 18 inserted in the outlet of tank, and the tank is filled 
with window glass batch, the batch being heaped over blocks, so 
that when it is melted the tank will contain about four inches 
of glass. Window g’ass batch, without cullet is used, as its 
fluxing action is more severe than bottle glass batch, and less 
time is required to complete a test. 

Wihen action has ceased and the glass is clear, the stopper is 
removed, and the glass allowed to flow from tank. The stopper 
is then replaced, and the tank is refilled with batch. Glass is 
drawn twice each day, and the test is continued, until the blocks 
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show decided wear along flux line, which occurs between two and 
four inches from the lower end of the blocks. After completion 
of tests, the blocks are removed from tank and compared. Some 
mixes will show a deep flux line, and in ease it is an.inferior mix, 
nearly the entire lower part of block will be destroyed. Other 
mixes will show a very faint flux line with only .a shght loss. 
The regular factory tank block mix is used as a standard in these 
tests, and the new mixes are compared with it. Mixes found to 
be inferior to the standard are discarded, while the better ones 
are tested a number of times, using several blocks of a good mix 
in a test. Changes are made in percentage of grog, and size of 
erains in an endeavor to improve a mix. 

From the results so far obtained, it is evident that the re- 
sistance to fluxing action depends more upon the physical struc- 
ture of the block than the chemical composition. <A block for 
tank purposes must possess a certain density, which prevents the 
penetration of the fluxes. Also a block must give a smooth wear- 
ing surface and dissolve slowly in the glass without causing 
stones. Some very pure non-plastic clays are attacked only 
slightly by the fluxes, but must be introduced in a very fine con- 
dition as otherwise the bond clay will dissolve, allowing the 
refractory clay to enter the glass, forming stones. 

These highly refractory clays can be used in a body that 
will vitrify in burning, being much hke a porcelain. This type 
of body is only slightly attacked and should give long service. 

Mixes high in silica, in which pure silica was added to give 
77 percent S10, in finished product, gave the greatest loss, nearly 
the entire block being destroyed. 

Mixes high in alumina also gave poor service. 

The results obtained from the above two mixes were not 
due to composition entirely, especially with the thigh SiO, mix, 
as this b'ock was comparatively porous and allowed the penetra- 
tion of fluxing materials. 

One trouble experienced with tank blocks is what is known 
as ‘‘honeyecomb wear,’’ the action of the fluxes giving the block 
a rough honeycomb appearance. This has been said to be due to 
a number of causes; such as the use of old tank or pot shell in a 
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mix for grog, or the use of fresh grog which has been burnt too 
hard. It is not advisable to use tank or pot shell in a mix, as 
this material has absorbed some fluxes, especially if of a porous 
nature. This can be shown by allowing old shell to absorb mois- 
ture and then drying, when the alkalis will appear upon the sur- 
face. Of course, a vitrified body will absorb little if any fluxing 
materials but when a vitrified grog is used there is danger of 
getting stones.in the glass, as the bond clay will be dissolved 
more readily, freeing the vitrified grains of grog. 

The honeycomb wear of a block may be due to other causes, 
as it occurs in blocks which do not contain hard burnt grog or 
tank and pot shell. It is evidently caused by conditions existing 
in the tank. 

In one factory, three tanks producing same grade of glass. 
were built of exactly the same blocks. The blocks were made 
and burnt at same time, having same treatment in every way. 
One tank failed at the end of eight months with the blocks in a 
honeyecombed condition. The other tanks gave many more months 
service, with the blocks in smooth condition and no indication of 
the honeycombed effect. 

Laboratory tests have shown that blocks will be attacked 
much more rapidly and show the honeycombed wear when the 
temperature is not high enough for proper melting. of glass 
batch, or when it is allowed to vary several hundred degrees. 

Tanks equipped with glass blowing machines appear to give 
longer service than others. This is perhaps due to continuous 
operation at a constant temperature, without a shut down during 
the summer. 

Before the introduction of glass blowing machines, a tank 
would ve closed down several months during the summer, and 
during this period repairs were made, and new, flux blocks in- 
serted where necessary. With machines in use, the tank is op- 
erated until failure of the blocks. Ten months was considered 
satisfactory service, but with machines the blocks last as much 
as two years. The life of a block in a window glass tank is much 
shorter, and twenty weeks is considered excellent. 

It is the usual practice among glass makers to consider the 
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service secured from tank blocks in weeks or months. As one 
tank may produce twice as much glass as another of the same 
size, it seems that the proper way wou:d be to’charge the tonnage 
of glass produced against the blocks. 


PLATE GLASS POTS 


A series of mixtures were made of various clays with differ- 
ent sizes of grindings and percentages of burnt clays. All mixes 
were prepared in the laboratory as follows: Clays were mixed 
and put through the pug mill, then allowed to age and dry. 
When dry, the mixes were reground and pugged a second time, 
when they were ready to be made up into pots. 

The pots were moulded by hand, being built up in the same 
manner as a commercial pot. The pots were allowed to dry 
slowly at room temperature, then before being used were placed 
on hot plate until absolutely dry. 

Pots are eignt inches in diameter, this size being found to 
be the most suitable and give the same results as larger sizes. 
Larger sized pots were tried, but were found to be inconvenient 
to handle and required too much space in the furnace. 

Two types of furnace were used in which the pots were 
tested. One is a semi producer-gas fired furnace using preheated 
air; the other is a direct fired furnace of large grate area using 
coal for fuel. The necessary temperatures for glass melting 
were easily maintained. During the day, the highest tempera- 
tures were carried, higher than was necessary to make good 
glass. During the night and on Sundays, the temperatures were 
allowed to drop, in order to make the tests as severe as possible. 
At times the temperatures were raised to the limit of the furnace 
to test the refractoriness of the mixes, but all were found to be 
sufficiently refractory. 

A pot arch was constructed on one of the furnaces where 
pots could be heated in case any of those in furnace should fail, 
but it was only necessary to do this a few times, for in the ma- 
jority of tests, all of the original pots remained to the end. 

Eight pots were set in furnace for each test, pots being 
raw.. When the furnace had reached the right temperature, and 
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the pots were in the proper condition, they were filled with plate 
glass cullet. When the cullet was melted, each pot would be re- 
moved from furnace with tongs and the glass poured out. While 
out in the open air the pots were filled with plate glass batch, 
and then placed back in the furnace. At times the temperature 
of the outside air was below freezing, and the pots would get 
quite cool, but no trouble was experienced from checking or 
cracking. 

Three melts per day were secured from each pot and at 
times, four melts. The average length of time, pots were in the 
furnace was twenty-five days. At least two pots in each test 
were the same as the pot mix produced in factory. This mix 
was prepared in the laboratory in order to have all pot mixes 
made under the same conditions. : 

After the completion of a test, the pots would be compared, 
the regular factory mix being used as a standard. As we know 
what results have been obtained with the factory mix by various 
plate glass factories, under commercial conditions, we are able 
to determine the approximate service that can be expected of 
other mixes tested with the standard. 

Any pot mixes found not to be equal to the standard were 
discarded. Mixes found to be equal or superior were tested 
again, and new mixes inserted in place of the discarded pots. 
By this process of comparison and elimination, in time nearly 
all the pots in a test would be found to be equal or superior to 
the standard. In such a case the mixes were made up with 
different grindings and percentages of burnt clay in order to 
effect a possible improvement. 

In the first tests some of the pots failed after a few melts, 
failure being due to cracks or inability to withstand fluxing ac- 
tion of glass batches. The last two tests were stopped after 46 
and 47 melts, with some of the pots showing very little wear and 
no signs of cracks. They were equal to many more melts. The 
number of clays used in the first pots was two, while the later 
ones contained up to five different clays. 

When thorough testing in the laboratory has shown a mix 
to be of value, larger pots are made and tested in a glass factory. 
In each case this has verified the results obtained in laboratory. 
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Much depends upon the manipulation of the clays, the pre- 
paration of the mix, and the pot maker, but the care that should 
and must be exercised in drying, is perhaps of more importance 
than all other steps in the manufacture of a pot. The greatest 
strength is developed by proper drying, and on this depends the 
future life ofthe pot. 

A plate glass pot must stand ae of temperature, must — 
resist the action of fluxes, give smooth wear, and not cause stones 
in the glass. 

Our tests have shown that the greatest wear on a pot from 
the fluxes occurs during the first few melts. After the fifth melt, 
or so, the action diminishes. This is caused by the pot becoming 
dense and approaching vitrification. 

As with tank blocks, the life of a pot appears to be due 
more to its physical structure than the chemical composition. It 
must have a certain physical structure to resist corrosion and at 
the same time be free from cracking. 

Two pot mixes having approximately the same chemical 
composition, but containing different types of clays, will not give 
the same service unless the physical structure of both are similar. 


CLOSED POTS FOR LEAD GLASS 


It has been found that a mix which is suitable for plate 
olass will not always answer for lead and other glasses made in 
closed pots. <A certain chemical composition is necessary where 
lead oxides are used in batches. 

The mixes for this class of pots are prepared in the same 
manner as the plate glass mixes, and the pots are built up by 
hand. In testing closed pots, it is necessary to ladle the glass 
out. The new mixes were compared with mixes of known value, 
and the tests resulted in developing several excellent mixes. 


Research Department 


Laclede-Christy Clay Products Co. 
t. Louis, Mo. 


THE LIMITS OF PROPORTIONS OF SODA-LIME 
GLASSES 


F, GELSTHARP AND J. C.: PARKINSON 


We have conducted a number of experiments which make 
it possible to prepare a triaxial diagram, showing the approxi- 
mate practical limits for soda-lime glasses which are of especial 
interest in the manufacture of plate glass; and it may also be 
applied to certain bottle glasses, table ware and window glass. 
But we wish it to be understood, that this diagram cannot be 
properly applied in the ease of glasses containing considerable 
amounts of other materials, such as potash, magnesia, baryta, 
oxides of zine, lead, manganese, iron, aluminium, or boric acid. 

As preliminary work a study of the silicates of soda and 
lime was made. The silicates of lime have been carefully studied 
by several investigators, chiefly in researches on Portland ce- 
ment. The published works show that the following silicates 
ean be produced. These are all opaque crystalline substances: 


3 CaO 810, 
2 CaO SiO, 
CaO SiO, 


There is a eutectic between metasilicate of lime and silica 
which may be represented by 2'CaO 3Si0,. It is possible that 
higher silicates than metasilicate are produced in the making of 
a soda lime glass, but they have not been identified. 

The silicates of soda have received some attention, but not 
so much as the lime silicates; at least we have not been able to 
find the results of a complete investigation of these silicates. 
We therefore attempted to make some of them, so that we might 
feel more sure of the facts in referring to them. 

~ Orthosilicate 2Na,O SiO, was prepared by melting together 
the molecular equivalents of sodium carbonate and silica in a 
platinum crucible. There seems to be no doubt that this silicate 
is produced, because no CO, remains in the melt; and since it 
has been shown that Na,CO, does not dissociate (except to a very 
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small extent), the reaction must have been complete. This sili- 
cate erystallizes very rapidly, so that a glass is not produced in 
the usual way, but by plunging the crucible in cold water the 
erystallization is prevented and a transparent glass results. 

Metasilicate of soda Na,O SiO, was produced in the same 
way from sodium carbonate and silica. This gave a transparent 
glass which crystallized readily on slow cooling. 
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Bisilicate of soda Na,O 2810, was also made. The melt was 
quite clear as soon as the CO, evolution stopped. This is a 
transparent glass which does not crystallize on ordinary slow 
cooling. 3 

Trisilicate of soda Na,O 3810,. In this case the evolution 
of CO, stops before a transparent glass is produced. Grains of 
silica may be seen suspended in the melt, which dissolves slowly 
to a transparent glass. This would tend to show that trisilicate 
of soda glass is most probably a solid solution of silica in bisili- 
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eate of soda, and all the higher silicates, if they may be called 
such, are probably of the same order. 

The silicates of soda seem to have the power to dissolve 
varying amounts of silica and lime silicates and still retain their 
transparency. Their tendency to crystallize increases in propor- 
tion to the amount of the lime silicates in solution, also as they 
become very rich in alkali, or saturated with silica, 

Referring to the diagram we have prepared, we have indi- 
cated the position of the known silicates and those supposed to 
exist. In the lower portion of the diagram, below a line joining 
orthosilicate of soda and metasilicate of lime there are no glasses, 
only basic slags and infusible mixtures of silicates and bases. 
Above this line up to one joining metasilicate of soda and the 
eutectic 2CaO 3810, transparent glasses are produced, only when 
very rapidly cooled; otherwise, they are opaque crystalline mass- 
es. Above the latter line, up to one joining the silicate of soda 
Na,O 5Si0, and the eutectic, 2CaO 3510,, we have a triangular 
area in which transparent glasses proper are produced, which 
area includes those glasses possessing properties, which satisfy 
the technical demands for plate, window, bottle and other 
gasses. 

Above this area to the apex of the diagram, transparent 
glasses can be made when they are very rapidly cooled. But on 
slow cooling, as in the process of annealing, crystallization takes 
place resulting in either opalescence, isolated crystals in a clear 
body, or the mass will be opaque. In this area above 85 percent 
silica, melting can not be done at ordinary furnace temperatures. 
When the lime exceeds certain limits, a perfect glass cannot be 
made unless sulphate of soda is present in the free state in the 
glass. If the attempt is made without sulphate of soda being 
present, the result invariably is the formation of a difficultly fus- 
ible white scum on the surface of the molten glass or around the 
edges of the pot, in which the melt is made. The glass under this 
scum may be perfectly limpid and clear, or it may contain flakes 
of this insoluble matter. This scum is not simply a silicate of 
lime, but a compound of silicate of lime and soda containing 
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about 80-85 percent of silica, depending on the position on the 
diagram. 

We have found that in order to have no white scum or 
flakes in a soda-lime glass in which sulphate of soda is not pres- 
ent, the molecular ratio of soda to lime must not be less than 2:1. 

Figure 1. (1) The whole field is divided into opaque basic 
slags and infusible mixtures of silicates and bases; (2) transpar-: 
ent glasses only. on very rapid cooling and otherwise opaque crys- 
talline masses; (3) transparent glasses proper, including those of 
technical importance; (4) opalescent opaque glasses on slow 
cooling. 
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Figure 2. Shows the upper portion of the field on a larger 
scale on which the shaded area represents the position of good, 
mechanically strong and durable transparent glasses. The 
boundary line on the left cuts off all glasses containing soda in 
excess of 22 percent of the silica content. This line may be 
termed the limit of solubility. For some purposes this limiting 
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line may be set to a lower standard, but for plate glass 22 per- 
cent is even much too low. The lower boundary line is one ob- 
tained by joining bisilicate of soda and bisilicate of lime. Be- 
low this the glasses for the most part are mechanically weak and 
have not sufficient resistance to withstand the action of dilute 
acids, water or the atmosphere. Moreover we find that these 
glasses devitrify or erystallize readily, the tendency towards 
crystallization being greater the lower the position. 
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Figure 3. On the same scale as Figure 2 and shows the area 
over which soda ash alone can be the source of alkali. This area 
is a small portion of the shaded area shown on Figure 2, being 
cut off therefrom by a line drawn from the apex of the diagram 
to a point which represents a molecular ratio of soda to lime of 
2:1 or_a percentage ratio of 68.89 to 31.11. 

The rule seems to hold out right down through the field, 
that all glasses made from soda ash alone, as the source of alkali 
on the left of this line, will be free from the white scum or 


114 LIMITS OF PROPORTIONS OF SODA-LIME GLASSES 


flakes previously described; and that no perfect glasses can be 
made on the right of this line without producing this scum, un- 
less saltcake is present in the glass. And we found that the 
farther we go in this direction, the greater is the amount of scum 
produced. : 

In order to obtain the foregoing information a large number 
of melting experiments on a fairly large scale have been made. 
The details of each experiment is omitted as unnecessary to the 
value of this paper. 

The peculiar formation of white scum in soda-lime glasses 
made from soda ash, and the fact that when sulphate of soda is 
present there is a line cutting off glasses which devitrify or be- 
come opalescent, seems to us to indicate either that only certain 
definite silicates were produced under certain conditions, or that 
it is simply a case of the solubility of certain silicates of lime in 
silicates of soda, and that sulphate of soda aids this solubility in 
proportion depending on the extent of saturation of the silicate 
of soda with silica. It is our opinion that the active silicate of 
soda in ordinary glasses is the bisilicate and its solvent activity 
is diminished as its saturation with silica increases. The way 
in which the sulphate of soda assists, is most probably by decom- 
posing certain compound silicates, which readily form during 
the melting (these we believe to be what constitute the white 
scum previous y referred to) and reducing them to a condition 
in which they are soluble. This scum is less dense than the glass 
and tends always to rise to the surface. The sulphate of soda 
only reacts slowly with the sand at the early stage of the melt, 
apd much remains in the metal till after the main reactions are 
over. As the temperature increases, the sulphate of soda be- 
comes more active, and it then decomposes any higher silicates 
(which exist in the scum) and further, it also tends to rise to 
the surface as the temperature increases, so that so long as there 
is some sulphate present no higher silicates can exist. 


Conclusions. First. We have defined the area over which 
good, mechanically strong and durable transparent soda-lime 
glasses can be made. 
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Second. It is remarkable how small this area is of the 
whole field. 

Third. Soda ash glasses can only be made successfully, with 
a limited proportion of lime. The proportion of soda to lime 
being as 2:1. 

Fourth. The position of glasses which devitrify easily is 
indicated. 

Fifth. We have found, that it is possible to make opales- 
cent glasses using only the three components, silica, soda and 
lime. 

Sixth. Sulphate of soda must be present in order to suc- 
cessfully produce glasses containing more than about 8 percent 
of lime. 

Seventh. By the results of these experiments, the conten- 
tion that definite silicates are formed in the making of glass is 
very much strengthened, and we feel that further study based 
on these results should enable one to work more intelligently on 
the problem of giass manufacture. 


DISCUSSION 


Mr. Shaw: Do I understand that this scum is the same 
scum that comes on sulphate glass under oxidizing conditions? 
Is it of the same chemical composition ? 

Mr. Gelstharp: No, the scum that you get from a case of 
that kind is chiefly sulphate of soda. 

Mr. Shaw: Do you claim that you can not make a glass 
without that scum from soda-ash, silica and lime, if you do not 
have a ratio of soda to lime two to one? 

Mr..Gelstharp: Yes. 

Mr. Shaw: We made an experiment about two weeks ago 
with the molecular formula: .65CaOQ .5Na,0 2S810,. That 
would fall outside of your ratio. They had no scum; we exam- 
ined them carefully. It was a full sized batch of about fifteen 
to eighteen hundred pounds. 

Mr. Gelstharp: Was the soda, ash or sulphate? 

Mr. Shaw: It was a commercial material. 

Mr. Gelstharp: We went into this matter very carefully, 
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and in no case have we been able to make it without a scum 
around the edge of the pot, unless we had that ratio. 

Mr. Shaw: It makes no difference whether you have oxi- 
dizing or reducing conditions? 

Mr. Gelstharp: No difference. 

Mr. Shaw: Well there might have been sulphate of soda 
in our experiments. I would lke to ask Prof. Silverman if there 
are not a large number of causes of stone in glass? 

Prof. Silverman: Yes, many of them. 


NOTE ON A METHOD OF INDICATING THE RATE 
OF SET OF LIME MORTAR 


BY W. E. EMLEY 


The final hardening of a lime mortar is accomplished by a 
chemical reaction between the lime and the carbon dioxide con- 
tained in the surrounding air. It follows therefore, that the 
hardening will begin at the surface of the mortar in contact 
with the air, and will proceed into the interior with more or less 
rapidity, depending upon the porosity of the mortar and such 
other factors as may influence the circulation of the air inside 
the mass. 

The proportion of water originally present. in the mortar is 
also of importance in determining the rate of set. Any excess 
moisture must be evaporated and removed by the air, and yet 
the mortar must not be left perfectly dry, for dry lime will not 
combine with dry carbon dioxide. 

In order to study the influence of these various factors on 
the rate of hardening of lime mortar, it is neeessary to have 
some means of indicating the manner in which the carbon di- 
oxide acts. A chemical analysis will show the proportion of 
carbon dioxide present, but the fact that the mortar begins to 
harden on the outside shows that the carbon dioxide is not evenly 
distributed throughout the mass. This distribution of the carbon 
dioxide is equally important with the amount, in determining 
the strength of the mortar, and it is this factor which the fol- 
lowing method is designed to indicate. 

After a trial of some eighty organic dyes, Wool Blue R, 
made by the Berlin Aniline Works, was selected as giving thé 
most satisfactory results. This dye is soluble in water forming 
a deep blue solution. When added to hydrated lime the color 
eradually fades out, until it is practically discharged at the end 
of one day. During the hardening of the mortar, the carbon 
dioxide restores the color to its original shade of dark blue. If 
a sample of mortar is treated with this dye and then examined 
after some time, that part of it which is in its original condition 
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will be colorless, while the part which has been attacked by car- 
bon dioxide will be blue. The line of demarcation is sufficiently 
distinct so that its positon can be measured. 

Seven bars, each 12 in. by 1 in. by 1 in., were made of lime 
mortar consisting of one part of a dolomitic hydrate and three 
parts of run-of-mine Ottawa sand. The water used in mixing 
this mortar had previously dissolved in it sufficient Wool Blue R 
to make a one-tenth of one percent solution. These bars were 
exposed to the action of the air in the room. Every fifteen days 
a bar was sawn in half lengthwise, and a picture of the interior 
was drawn as shown in the accompanying illustration. 

It is believed that this method will prove valuable in study- 
ing the manner in which different factors influence the rate of 
set of lime mortars. 


DISCUSSION 


Mr. Greaves-Walker: I wish to ask Mr. Emley, whether 
he ean te.l me why lime mortar, when laid up in weather below 
zero and allowed to remain in a frozen condition, will set ‘per- 
fectly; but if the temperature goes above the freezing point 
before setting, the mortar can be picked from beneath the brick 
work with your finger. It crumbles and has no strength. 

Mr. Emley: Iam unable to answer that question, as I never 
had it called to my attention before. 


THE CLAYS OF EASTERN KANSAS’ 


BY PAUL TEETOR 


On examining a geologic map of Kansas, we find that there 


are a number of geological formations outcropping in the eastern’ 


portion of the state, and especially along the territory extending 
into the state for a distance of 120 miles. There are seven differ- 
ent formations in this region, all of the Carboniferous period, 
one of the Mississippian, and the remainder in the Pennsylvan- 
ian. Within this region, known as the coal measures, are located 
nearly all of the clay working industries of the state. 


The clays of this region are principally shales, red and buff 
burning, the buff burning shales containing a very high percent- 
age of lime. here are a'so occasional deposits of surface clays; 
these as a rule are very high in lime and are very plastic and 
difficult to dry. In the southeastern portion of the state there 
are quite a number of clay deposits underlying the coal veins, 
which are known popularly as fire clays. In nearly every case 
where these have been tested, they have proven to be the most 
fusible cays in the state, although there has just recently been 
received at the laboratory a small sample of one of these clays 
from Cherokee County, which is of a refractory nature, and it 
may be possible that upon further testing it will be found to be 
a stone-ware clay. 

In the Cherokee formation there is a large deposit of shale 
in the center of Cherokee County. Until recently this shale was 
used for the manufacture of drain tile; with a decrease in the 
local demand for this product, the company undertook to manu- 
facture stiff-mud brick but found that the ware could not be 
dried without cracking, due to the excessive plasticity and dry- 
ing shrinkage of the shale. A little farther north in this same 
formation in Crawford County, there is a very extensive deposit 
of yellow shale which is being manufactured into paving block 
and sewer pipe, producing a high grade of ware. This is a red 
burning shale and has rather strong tendencies toward kiln 


1 Bv permission of the Director of the Kansas State Geological Survey. 
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marking. The best grade of sewer pipe is burned to cone O01. 
This shale has low plasticity, requires 17 percent water for pro- 
per working properties; it has a drying shrinkage of 4.5 percent 
and a burning shrinkage of 4.5 percent at cone 1. The porosity- 
temperature curve of this shale is No. 107 in Figure 1. 

The rate of raising the temperature of the kiln while burn- 
ing test pieces for porosity determinations was 20°C. per hour 
in every case. 

A little farther west in the Marmaton formation in Mont- 
gomery County, there are several deposits of shale which are be- 
ing utilized for the manufacture of paving brick, roofing tile and 
hollow building block. In Crawford County, there is a deposit of 
shale of the more fusible type; at cone 03 it is nearly vitrified 
and shows slight deformation. Dry press brick made from this 
shale has a burning shrinkage of 5.8 percent at cone 03. 

In the Potawatomie formation in Montgomery County, there 
are several ‘‘shale mounds’’ which have become famous because 
of the very beautiful deep cherry red face brick which are being 
produced from them. Some of the ‘‘shale mounds’’ around 
Cherryvale are composed of two strata of shale, the top stratum 
being a yel!ow shale which burns to a buff color at cone 1. The 
top shale has a high content of lime, and the porosity decreases 
very rapidly above cone 2; at cone 5 the shale softens sufficiently 
to flow under its own weight. Curve No. 147 represents the 
porosity-temperature curve of this shale. The lower layer or 
blue shale in these mounds is red burning, and it is from this 
blue sha'e that the bricks referred to above are being manufac- 
tured. Curve No. 148 Figure 1 is the porosity-temperature 
curve for this blue shale. 

There are shale deposits in Neosha and Allan Counties 
which are being utilized for the manufacture of building brick 
and hollow building tile; some of the deposits in Alian County 
are contaminated with lime pebbles. 

In Miami County there is a deposit of blue shale being used 
for the manufacture of building brick and hollow ware. This 
shale requires 20 percent water of plasticity, has a drying 
shrinkage of 3.5 percent and a burning shrinkage of 6.74 percent 
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at cone 1. The product manufactured from this shale scums 
badly due to the soluble salts present in the shale. Curve No. 
106 is the temperature-porosity curve for this shale. 

In Wilson County there are large deposits of shale in close 
proximity to each other and vary from the red to the caicareous 
buff burning. The calcareous deposits seem to vary quite ma- 
terially, the composition changing very abruptly causing rather 
disastrous results in the burning. Often times one end of the 
kiln will have to be overburned in order to bring out the desired 
properties in the remainder of the kiln. 


In the Douglas formation there are occasional outcroppings 
of shale from Caney in the southern portion of the state to 
Atchison in the northern part. So far as is known these are all 
red burning, and most of the deposits which are being utilized 
are used for the manufacture of vitrified paving brick. One of 
the shales occurring in Franklin County is an exceedingly plas- 
tic one, stiff-mud brick made on a small auger machine cannot 
be dried without cracking due to the auger laminations. The 
water of plasticity required is 21.7 percent. It has a drying 
shrinkage of 4.5 percent and a burning shrinkage of 8.75 percent 
at cone 1. Curve No. 108, Figure 1 is the porosity-temperature 
eurve for this shale. 

In the Shawnee formation in Shawnee County, there is a 
deposit of shale from which paving brick are being manufac- 
tured. A little farther south in Osage County, there is a very 
large deposit of sha’e, very fine grained and of an ocher like 
character. When heated to 300°C. the color changes from the 
yellow to red. The water of plasticity of the shale is 26.6 per- 
eent. The drying shrinkage is 5.5 percent and the burning 
‘shrinkage 9.26 percent at cone 2. Curve No. 100, Figure 1 is the 
porositystemperature curve. There was a very urgent demand 
for a paving brick plant in this county, and as this was the only 
shale available, quite a bit of work was carried out to determine 
whether or not this deposit could be utilized. 

The shale cracks during drying and cracks and warps dur- 
ing burning. The addition of 15 and 25 percent sand was tried 
and full sized paving block made from the mixtures. The crack- 
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ing was overcome, but the mixtures did not produce a tough 
enough body to pass the rattler test. Preheating was tried, the 
sample was preheated to 270 and 400°C. This preheating treat- | 
ment improved the drying qualities but the drying loss was 50 
pereent. The rattler loss was 36.65 percent. These figures of 
course necessitated reporting that the shale was not suited for 
the manufacture of paving block. 


No specific information has been worked out for the clays 
of the top Carboniferous or of the Permian; a little work was 
done on a deposit of Permian shale in Dickinson County, and 
it was found to be full of lime pebbles, the bricks ‘‘popped’’ due 
to the lime. 

A little farther west in the Dakota formation in Ellsworth 
County there is quite a variety of clays. These are all of mas- 
sive structure and are interstratified with the Dakota sandstone. 
A freshly cut surface in some of these deposits exposes a very 
beautiful variegated color effect, due principally to concretionary 
iron oxide. One of the red burning clays in this region which 
was tested was found to be too plastic for stiff mud wares. Dry 
press brick burned to a fairly good red color. The clay has a 
drying shrinkage of 5.0 percent and a burning shrinkage of 5.0 
percent at cone 05. Curve No. 129, Figure 2 is the porosity- 
temperature curve. 

Another red burning clay in this region, of which there is 
a large deposit, gets its red color from the concretionary iron 
oxide present. It is rather plastic, and stiff-mud wares made 
from it have a tendency to warp. It has a drying shrinkage of 
5.26 percent and a burning shrinkage of 4.47 percent at cone 3. 
The red color does not develop to any extent until a temperature 
of cone 03 is reached. Curve No. 137 is the porosity-temperature 
curve for this clay. : 

In the eastern edge of Ellsworth County, a hight colored 
clay outcrops in some of the larger hills. It, also, is a little too 
plastic for stiff-mud products such as brick. Dry press brick 
made from it burn to a beautiful light buff color, but are too 
porous and of insufficient strength to be used for structural pur- 
poses. The drying shrinkage is 3.12 percent with no burning 
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shrinkage at cone 2. Curves No. 131 and 132 are temperature- 
porosity curves of two samples of this deposit. This is a very 
fine grained clay, rich in silica, it has a silica content of 72.78 
percent and no lime or magnesia. 

An attempt was made to utilize the clay for. pottery pur- 
poses, it has very good working properties for both casting and 
throwing. A glaze was applied to the biscuit ware and matured 
at cone 4. All of the pieces shivered badly. In order to produce 
a denser and stronger body several mixtures of the clay with 
feldspar were made and fired to cone 7. The most promising 
mixture was 90 percent clay-10 percent feldspar. This mixture 
has a burning shrinkage of 6.0 percent and a porosity of 6.7 per- 
cent and develops a stoneware grey color. This mixture has been 
fitted with a glaze maturing at cone 05. 

A series of engobes and glazes were applied to dry press 
brick made from this clay, but all the mixtures shivered. 


THE INFLUENCES OF CALCIUM AND IRON CHLOR- 
IDES PRECIPITATED IN A PORCELAIN BODY 
BY B. 8S. RADCLIFFE 


The production of vitrified red floor tile has given manu- 
facturers considerable trouble. Practically, the only solution of 
the problem has been to secure a good red burning clay, and 
burn to a degree of vitrification such that the red color is not de- 
stroyed. In most instances, it has been found impossible to make 
red bodies that have less than four or five percent absorption, 
and in many eases the absorption is considerably greater than 
this. 

Good red bodies can be made by mixing the proper amounts 
of feldspar and flint with ‘‘Helmstadter’’ clay, and burning to 
practically complete vitrification. 

This clay is very fine grained, plastic, and is red in color. 
The original red color of the clay is only slightly altered during 
burning, up to the point when the porosity is reduced to about 
three percent. A higher temperature causes the red color to 
deepen and gradually change to dark brown and finally black. 
The deepening of the color begins about cone 6, and by cone 8 
the body is dark brown to black. The burning qualities of this 
clay seem to be due to the fact that the iron is present in a 
highiy disseminated state. 

This investigation was made to determine whether uniform 
colors of iron in varying shades could be produced by precipi- 
tating the chlorides of iron and calcium in a body. 

A cone 10 porcelain was chosen for the body. It is not 
considered an ideal one for the production of red tile, and one 
containing more ball clay in place of the china clay would prob- 
ably be better, since it would have less porosity in the dry state 
and would require less fluxing action for complete vitrification 
on that account. 

Procedure. The three corner bodies as shown on the tri- 
axial diagram were mixed by wet-grinding for five hours in a 
porcelain-lined ball-mill. The tri-axial group of 66 bodies was 
made by blending these three bodies. 
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The mixtures were put in fruit jars and shaken thoroughly 
so as to obtain uniform mixtures. The ch!orides were precipi- 
tated by adding NH,OH and (NH,),CO, and shaking. The 
slips were allowed to stand for a day, after which they were 
poured into plaster molds. When the excess water had been ab- 
sorved the bodies were removed from the molds, and dried in an 
oven to 200°C. After crushing in a porcelain mortar, triangular 
floor-tile were made by the dry-press process, about 10 percent of 
water being used. They were burned to cones 5, 7, 9 and 11 in 
an open, down-draft, gas-fired test kiln. 


Results. Those bodies high in iron were most plastic, and 
those high in lime were least plastic. This was shown both by 
the working properties of the bodies in the p!astic state and by 
the strength of the dried tile. 

Vitrification—None of the bodies were completely vitrified 
at cone 5, although those high in iron and lime were hard and 
dense, those high in lime being the hardest. At cone 7, all bodies 
containing over four percent of fluxes were vitrified. All bodies 
were completely vitrified at cone 9, those containing over 7 per- 
cent of fluxes being overburned. 

Bodies containing 4 percent and over of fluxes were over- 
burned at cone 11. The remainder retained their shape but had 
a glassy surface with the exception of 1, 2 and 3. 

Color—Bodies free from iron burned white and were prac- 
tical y uniform in color at vitrification. 

Those containing 1 percent of iron were cream colored when 
burned under oxidizing conditions, but a good uniform gray 
eoler was obtained when the tile were reduced at the end of the 
burn. The lime had very little effect upon the color of bodies 
containing 1 percent of iron. Bodies containing 2 percent of 
iron were pink or light red at cone 5, above which temperature 
they changed to brownish buff with the exception of No. 4, which 
became dark yellowish gray. 

Bodies containing 4 to 10 percent of iron burned red to dark 
red at cone 5. Those containing 4, 5 and 6 percent were still red 
at cone 7. The color was much deeper than at cone 5 and in- 
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creased with increased iron. Two percent of lime did not affect 
the color of bodies containing 5 percent or over of iron. 

The remainder of the series did not produce desirable colors 
for floor tile. 


Bie te = .CONCLUSIONS 


"Uniform gray colors of pleasing shades can be made by pre- 
eipitating 0 to 2 percent of iron in a poreelain body and burning 
properly. | 

Uniform red colors can be produced by precipitating 4 to 6 
percent of iron in a porcelain body which, if burned properly, 
would not have more than 3 to 4 percent porosity. 


Ceramic Laboratory, 
University of Illinois 


DISCUSSION 


Mr. Parme'ee: I should like to ask the reason for using 
ealcium salt. 

Mr. Radcliffe: Calcium chloride was added, because it is 
a soluble salt; and it was thought, that the intimate mixture of 
the calcium and iron obtained in this way, might throw some 
light on the cause of the varied color effect, produced by iron in 
different clays. 


NOTE ON THE PREPARATION OF FELDSPAR FOR 
THE CERAMIC INDUSTRY?’ 


BY ARTHUR S. WATTS 


The preparation of feldspar for the ceramic industry has 
been the subject of much discussion, but we have not as yet ar- 
rived at any standard for the grinding of feldspar. Further- 
more, no specific data is available whereby a standard time of 
grinding can be chosen, for the reasons that the degree of fine-. 
ness depends upon a number of factors, chief among which are 
the following: 

Speed (i.e, r.p.m.) of the grinding eylinder. Weight of 
charge of pebbles in the cylinder. Proportions of the various 
sized pebbles in the cylinder. Weight of the charge of crushed 
feldspar in the cylinder. Degree of fineness to which the crude 
feldspar is reduced before being introduced into the cylinder. 
Condition of the crude feldspar as it is introduced into the eyl- 
inder, as regards temperature and content of moisture, and last 
but not least, the physical properties of the particular feldspar 
being ground. 

Any difference in the conditions under which grinding is 
effected would seriously affect the degree of fineness. The user 
of feldspar is concerned only with the degree of fineness to 
which the material is ground, and the details of the grinding 
process need not interest him, except as they influence the qual- 
ity or price of the material obtained. The proportion of the 
various sized particles obtained by a standard system of grind- 
ing, under uniform conditions and ground for stated lengths of 
time should be a valuable aid in choosing a standard degree of 
fineness. The increased pulverization obtained by grinding for 
longer periods should furnish data whereby the most practical 
degree of pulverization may be observed, and beyond which in- 
creased grinding does not produce proportionately increased 
pulverization. 

To determine these data, a series of pulverized feldspar 


1 Published by permission of the Director, Bureau of Mines. 
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samples were obtained through the courtesy of Mr. C. E. Gold- 
ing, manager of the Golding Sons Co. of Trenton, N. J. These 
pulverized feldspars were obtained by grinding their regular 
Maine feldspar for definite lengths of time in a standard ball 
mill. The following samples were taken: 

The crude feldspar as it goes into the ball mill after being 
erushed by the buhr stone crusher. 


The same feldspar after grinding 6 hours in the ball mill. 
The same feldspar after grinding 8 hours in the ball mill. 
The same feldspar after grinding 10 hours in the ball mill. 
The same feldspar after grinding 12 hours in the ball mill. 


CLASSIFICATION METHODS 


In order to determine the percentage proportions of the 
different size of grain contained in these sampies, the following 
system of classification was followed: 


(a) Sieve classification. (b) Elutriator classification. 


For the sieve classification, bronze cloth sieves were em- 
ployed up to 330 mesh per linear inch, as is shown on the aec- 
ecompanying chart. For classification of the material passing 
330 mesh sieve, the Schultz elutriator was employed. By regu- 
lation of the flow in the elutriator, the following classification 
was obtained in the different jars. With an overflow of 80 c.c. 
per minute, No. 1 jar has a hydraulic value of .0679, No. 2 jar 
has a hydraulic value of .0302, and No. 3 jar has a hydraulic 
value of .0075. The overflow from No. 3 jar furnishes a final 
classification. The size of grains obtainable with these differ- 
ent hydraulic values was determined by actual measurement of 
the classified material by the aid of the microscope. The classi- 
fication was all effected in the wet way, and an abundance of 
water was employed to insure as perfect a classification as pos- 
sible. In order to collect the fine slime which overflows from 
the last elutriator jar, the suspension was collected in a large jar 
and to this was added about 2¢.c. of concentrated hydrochloric 
acid. This causes the complete precipitation of the slime in 
about an hour, and the excess water can be siphoned off. The 
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classifications were dried at 100°C. and weighed, after which the 
microscopic measurements were made. 

A study of the accompanying chart shows that the increased 
pulverization, obtained by increased grinding under these con- 
ditions, is nearly proportional. The choice of a rate of flow for 
the elutriator was slightly out of accord with the other classi- 
fications, but this was gauged by the size of grains desired in 
the different classes. It is especially worthy of note that the 
ratios between the proportions of material removed by each_ 
classifier are regular. 

The increased amount of pulverization obtained by twelve 
hours grinding over that obtained by ten hours grinding, when 
compared on the basis of material finer than .05 m.m. diameter, 
would indicate that maximum efficiency in grinding in this par- 
ticular case is reached at about a ten hour grinding period. This 
of course holds good for this particular material and grinding 
process only. 


DISCUSSION 


Mr. Spier: I should like to ask Professor Watts what he 
means by six, eight, ten and twelve hour grindings. 


Mr. Watts: JI mean that the ball mill operated six, eight, 
ten or twelve hours, and was supposed to be grinding during 
that time. 


Mr. Sprer: Don’t you think we should know the size of 
the particular ball mill, the amount of charge, the number of 
revolutions, and everything pertaining to it? Mills of different 
size with different sized charges and different numbers of revo- 
lutions, would give different results in the same length of time. 


Mr. Watts: That is undoubtedly true. I stated in the 
paper that any difference in the conditions of grinding would 
seriously affect the result of grinding. The size of grains ob- 
tained by any standard system of grinding should be a valuable 
aid in choosing a standard degree of fineness. I am not discus- 
sing the process of grinding—whether it is better at thirty-two, 
thirty, twenty-eight or twenty-four revolutions per minute. That 
will depend on other things. The temperature at which the 
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material goes into the ball mill will have a distinct influence. 
Other points which I tried to enumerate, are going to have a 
distinct influence also. If you are going to discuss the most effi- 
cient method of grinding feldspar, you are discussing one thing’; 
if you are going to discuss the kind of material you want, no 
matter whether ground in a four foot ball mill and ground ten 
hours, or put in a six foot ball mill and ground five hours, I 
would say that this point has not come up in my work. It has 
been brought up but I am not able to handle it, because I have 
not at my disposal ball mills of various sizes. 

Mr. Sprer: Apparently I am misunderstood. I do not 
want to discuss the various processes, but I should like to know 
under what conditions these were obtained—the size of the mill 
and the amount of charge as well as the other details—so that 
we may use this as a criterion in arriving at what would be ob- 
tained in other cylinders, under similar conditions. I should like 
to know the size of the mill and everything pertaining to the 
experiment that Prof. Watts drew his conclusions from. 

Mr. Watts: In regard to the data that you are asking 
for, I would say that I do not know whether these facts are ob- 
tainable or not. It would be practically imposible to obtain all 
this data from commercial feldspar grinding, because of the fact 
that many of these feldspars are the results of adjustments 
which the manufacturer has arrived at by a long process of 
elimination and testing, and which he considers vital to the suc- 
cess of his ‘business, and ‘he does not as a rule care to give this 
information to outsiders. In this case however he might be will- 
ing to do so. My object was not to show the work of some par- 
ticular sized mill, it was to find the influence upon size of grain 
produced by grinding for different lengths of time. 


A NOTE ON THE REDUCTION OF Fe,0O.? 


BY C. S. KINNISON, BUREAU OF STANDARDS, PITTSBURGH, PA. 


When Fe,O0, changes to a lower form, such as magnetite, 
Fe,0,. the conversion is characterized by a color phenomenon ; 
magnetite per se is black, but this as a rule reacts, in the case of 
clays or similar mixtures, with the silica present to form ferrous 
silicates which may be dark brown to black in color. 


In the present work, this color change was taken as the eri- 
terion of the reduction. The temperature at which this phe- 
nomenon takes place is, of course qualified by the dissociation 
temperature of Fe,O,. According to Le Chatelier, this reaction 
takes place at 1300°; according to White and Taylor at 1200°, 
and to P. T. Walden at 1350°C., the last named value represent- 
ing probably the most reliable result. At this temperature the 
dissociation pressure reaches 160 m.m., which is equal to the oxy- 
ven pressure of the air. Ferric oxide cannot therefore exist above 
this hmiting temperature, which corresponds to the reaction 
3Fe,0,”" ~ 2Fe,0,+0,. In carrying out the study, four different 
body mixtures were used : (a) North Carolina kaolin, (b) North 
Carolina kao!in and silica, the Al,O, being to the SiO, as 1:5.5; 
(c) North Carolina kaolin and silica, the Al,O, being to the Si0, 
as 1:9; and (d) a porcelain mixture of 15 percent Georgia kaolin, 
26 percent North Carolina kaolin, 4 percent Florida kaolin, 20 
percent feldspar, 33 percent flint and 2 percent fused magnesite. 
To each of these mixtures was added enough ferric hydrate to 
give 5 percent Fe,O,. The hydrate was obtained by precipita- 
tion with NH,OH from a ferric chloride solution, the precipitate 
washed practically free from chloride before being added to the 
bodies. Mixing was accomplished by grinding wet for four 
hours. From these mixtures, small specimens about 14 in. square 
by 1/32 in. thick were made and heated in a platinum resistance 
furnace to various temperatures. The furnace was carried up at 
the rate of 20° per minute up to within about 50° of the desired 
temperature from which point the rate was 5° per minute. The 


1 By permission of the Director of the Bureau of Standards. 
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desired temperature was then maintained as nearly constant as 
possible, the maximum variation being 5°, for 114 hours, this 
length of time having been found necessary for the complete de- 
velopment of the color on the surface of the specimens. At the 
end of this period the furnace was immediately opened and the 
specimen removed. In the preliminary work some difficulty was 
experienced in subjecting the specimen to a uniform tempera- 
ture, due to rapid conduction of heat from the surface upon 
which the specimen rested. To obviate this difficulty a small 
refractory base consisting of kaolin and calcined alumina was 
made, the piece being about 2 in. long by 14 in. by 1% in., which 
could be readily inserted into the furnace. The real support of 
the specimen was of the same material, being about 14 in. by % 
in. by 14 in. in size. In this a small platinum wire was coiled, 
one end extending up from the piece and terminating in a small 
loop upon which the specimen rested. This small wire was the 
only means of conducting the heat away; and there was appar- 
ently but very little difference in temperature between the top 
and bottom faces of the piece. 

In all the bodies, the first color developed was of course, red. 
In the ease of the first mixture, North Carolina kaolin, this color 
_ gradually disappeared, passing into a light cream at about 1200°. 
The latter color gradually darkened into a buff, the development 
of black then taking place rather abruptly at 1390°C. In this 
series, the buff effects due to alumina are clearly shown. 

In body No. 2, the Al,O, being to the SiO, as 1:5.5, the mass 
did not approach whiteness as closely as in body No. 1. This is 
acounted for in one respect by the fact, that the Al,O, 1s lower 
in ratio to the SiO,, in the latter mixture. 

Yellowish buffs were noticeable which darkened as the tem- 
- perature rose, a color change characteristic of ferrous silicate 
appearing rather sharply between 13860°-70°. 

In the most silicious mixture represented by body No. 3, 
the color phenomena are similar to those of body No. 2. The red 
colors fade into pinks with increase in temperature, disappear- 
ing rather abruptly at 1280°C. The lght color is replaced at 
1300°C. by a rather dark buff, while the ferrous silicate color 
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and glassy texture appears shortly above this point at 1310-20°. 

The pottery body illustrates nicely the effect of fluxes on © 
the coloring action of the iron. The buff effect of the alumina 
is obliterated by the formation of fused material at relatively 
low temperatures, at which the iron is not dissolved, but exists 
probably as suspended material, its coloring qualities being 
magnified thereby, and the specimen becoming more richly col- 
ored. Two series of colors are to be observed, one characterized 
by reds which is limited rather obscurely by the development of 
chocolates, (the second color series) due to the formation of 
fused material. As the temperature rises, the iron no longer 
remains in suspension but enters into solution. The ferrous sili- 
cate formation ensues at 1210-1220°, while at 1240° the mass is 
completely fused, and the coloring power of the iron greatly 
decreased by virtue of its solution. 


TABLE I—COLORS DEVELOPED AT DIFFERENT TEMPERATURES 


TEMP. il 9 3 4 

1100 Red, Red Red Red 

1150 Lighter red | Lighter red | Lighter red Darker red 

1200 Cream Light buff Lighter red Reddish 
chocolate 

1250 Cream Buff Pink Greenish 
brown glass 

1300 Cream Yellow buff | Brown 

1350 Speckled buff; Brown (1370)| Black 

1400 Black Practically Black glass 

black 


No light colors were developed in this body. 


A hasty microscopic examination of these specimens by Mr. 
Klein of the Bureau of Standards failed to reveal the presence 
of any magnetic oxide. However, it is barely possible that some 
may have been present, but inasmuch as the color change seemed 
to be mostly a surface phenomenon, there exists the possibility 
that none was included in the tiny sample under examination. 

At temperatures in the neighborhod of 1200° most of the 
material seemed to be glass, while as the temperature was raised 
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up to 1300°, ye.lowish brown crystals became noticeable, but no 
black material could be observed. Only the kaolin mixture was 
examined in this way, because it seems most likely that, since 
there was no free SiO,, magnetite would be more apt to be pres- 
ent. It does not seem probable that the magnetite would persist, 
at the temperatures involved in those bodies containing free 
Si0,. The reduction under these conditions very likely results 
in FeO, which at these temperatures would at once combine with 
the silica to form ferrous silicate. 


SUMMARY 


1. . The results of this work seem to show that within limits, 
the temperature of formation of the ferrous silicate is qualified 
by the Al,O,:S8i0, ratio; the smaller this value, the lower the 
temperature of formation, within the limiting ratios used. 

2. Seger’s work on the effect of Al,O, in the production 
of buff colors is a'so verified by the results obtained, and we can 
Say In agreement with him that, relatively considered, the lower 
the ratio of the alumina to the iron content, the lighter are the 
eolors developed. 


3. The coloring propensities of ferric oxide are both op- 


posed and augmented by the presence of fluxes. At relatively 
low temperatures, where the amount of fused material is small, 
the color is intensified by the suspension of the iron particles. 
As the temperature is increased and more fused material is form- 
ed, the iron is taken into solution, and its coloring effect de- 
creased. The colors developed are influenced by the extent of 
solution and this in turn by the composition of the body in ques- 
tion and the temperature involved. 

4. In acid clays it is very likely that the transition of 
Fe,O, to Fe,0, and FeO takes place at lower temperatures than 
for more aluminous mixtures, corresponding to 1320°C., as com- 
pared with 1390°C. In mixtures containing large amounts of 
fluxes reduction is associated with solution, owing to the low vis- 
cosity of the iron silicate. This dissociation temperature is lo- 
cated at about 1210-1220°C. It is evident that the fluxes con- 
tribute towards the lowering of the transition point. 
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It has been suggested by Mr. Bleininger that one of the pos- 
sible applications of the facts brought out might be the use of 
eround calcined clay for the bedding of vitrified china bodies in 
place of the flint, since in this way the discoloring effect of the 
Fe may be minimized. 


DISCUSSION 


Mr. Lovejoy: 1 should like to ask Mr. Kinnison, what the 
composition of the first three clay mixtures are? 


Mr. Kinnison: The first is North Carolina kaolin; the sec- 
ond, North Carolina kaolin and silica, the Al,O, being to the 
SiO, as 1:5.5; the third, North Carolina kaolin and silica, the 
Al,O, being to the SiO, as 1:9. 

Mr. Lovejoy: Both colors you attribute to aluminium ? 

Mr. Kinnison: Yes. 

Prof. Orton: I should like to ask whether there was any 
development of a particularly vesicular structure in connection 
with the experiments ? 

Mr. Kinnison: There was no marked vesicular structure. 
The change in appearance was only a surface phenomenon. There 
was a slight pitting effect on the surface, especially in the highly 
silicious materials. In body No. 1 containing no free silica, the 
color was black which seemed to be due to ferrous oxide. 

Mr. Karzen: I should like to know how the ferrous silicate 
is obtained under reducing conditions, if they used oxidizing 
temperature. 

Mr. Kinnison: We do not have reducing conditions; when 
the dissociation takes place, oxygen is expelled, and Fe,O, re- 
mains. It is not necessary to have reducing conditions, as the 
expression is generally used, in order to obtain a reduced form 
of the material in question. 

Mr. Karzen: The same thing takes place in using ordinary 
care as a practical proposition ? 

Mr. Kinnison: I should say that it would. 3 

Prof. Orton: I should like to ask one more question. Is it 
your idea that in breaking down Fe,O,, oxygen gas is actually 
evolved? The structure of any well vitrified mass is practically 
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glass-like under the microscope, that is if you make a cross-sec- 
tion of any body which has been fired at a temperature where 
vitrification occurs, the structure is largely glassy when viewed 
by transmitted light. If a gas is liberated in a body at this state, 
it is bound to form little blebs or glass vesicles. Does the break- 
ing down of Fe,O, produce this condition? 

Mr. Kinmson: It was principally a glass with some crys- 
talline material. 

Prof. Orton: Then if a gas is liberated in the midst of a 
glassy solution, wou'd it not make a vesicular structure? 

Mr. Kinnison: Not necessarily. Not if the gas escapes 
through open pore spaces already present. 

Prof. Orton: Would the gas bubbles escape at the temper- 
ature where this occurs? 

Mr. Kinnison: Yes, I think it would. The specimen used 
is of a very porous structure, due chiefly to the shrinkage of the 
ferric hydrate on being dried. Any gas evolved would have 
ample opportunity to escape through the continuity of open 
pores formed in this way. 

Prof. Orton: I, myself have known, many times, the de- 
velopment of vesicular structure in connection with the change 
of color of clay bodies, and have speculated more or less, as to 
the possibility of that gas, which causes the sponge-like structure 
to develop, being oxygen in the iron oxide set free when the 
Fe,O, becomes 2FeO. 

Mr. Kinmson: Of course these are conditions which would 
not apply to anything but experimental work. The iron was in- 
troduced as the hydrate merely to obtain as intimate a mixture 
as possible. 

Prof. Orton: You do not think that the ferric hydrate per- 
sists except for a short time? 

Mr. Kinnison: No, even in the drying some of it would be 
broken up. 

Mr. Bleininger: I wish to say that the formation of a gas 
may precede vitrification proper, and while in many cases you 
would have opportunity for its escape, under many conditions 
you would not, depending upon the structure of the clay itself. 
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Mr. Allen: Would not the size have an influence on the es- 
eape of the gas? 

Mr. Kinnison: It would. We tried to use the smallest 
specimen possible. 

Mr. Forst: Regarding the use of calcined clay instead of 
plain for china, I have made an experiment myself. I had a 
large series of glazes and put them on as small tile as possible. 
I was much afraid that the glaze would run off the edge of the 
tile so I imbedded the tiles in calcined clay. They came out all 
right but it bleached all the margin on the back of the tile. We 
eould not read the printing on the margin at all. Therefore 
there is something in kaolin that bleaches whatever 1t comes in 
contact with. 

Mr. Shaw: Does Fe,O, exist in silicates at temperatures 
above 1400° ? 

Mr. Kinnson: Ordinarily, no. 

Mr. Shaw: Suppose you put Fe,O, in glass? 

Mr. Kinnson: We would probably not use it at that tem- 
perature. It would tend to oxidize on cooling. 

Mr. Shaw: How do you get the yellow color in glass under 
oxidizing conditions from iron? 

Mr. Kinmson: Probably by solution of the iron. 

Mr. Shaw: You get a green color or a tendency to yellow 
or white, and glass-makers attribute it in one case to Fe,O,, and 
in the other to reduced iron. 

Mr. Kinmson: In what quantity? 

Mr, Shaw: The quantity would be the same in both eases. 
If you have an oxidized condition you get a yellow color in an 
enamel or glass. I could take the same enamel or glass and re- 
duce it to get a green color. 

Mr. Kinnison: What temperature did you use? 

Mr. Shaw: About 1350° or so. 

Mr. Kinnson: At 1350° you ordinarily have a very smal] 
amount of ferric iron present. The effect of iron is also par- 
tially neutralized by the alumina present. 

Mr. Shaw: That does not answer the question of the ex- 
istence of iron in the two states in these two silicates. With no 


REDUCTION OF Fé,0, 143 


difference except the degree of oxidation or reduction in the 
two cases. 

Mr. Bleininger: Did not the glass you are speaking of con- 
tain oxidizing agents? 

Mr. Shaw: In the case where the yellowish color comes, 
yes, nitre or manganese. 

Mr. Bleininger: In other words your oxygen pressure 
would be higher, would it not, and tend to prevent the action of 
reduction ? 

Mr. Kinmson: It would tend to maintain the iron in the 
ferric state. 

Mr. Bleininger: You would have some excess oxygen, and. 
according to the law of mass action this should tend to prevent: 
the reduction of the ferric oxide. 

Mr. Kinmson: But if you reduce the glass, the Fe,O, is 
of course reduced also. 


ROOFING TILE SLIPS AND GLAZES 
BY E. T. MONTGOMERY AND C. FORREST TEFFT, ALFRED, N. Y. 


While historians tell us that glazed roofing tiles have been 
known to man for many centuries—the oldest examples dating 
back to a period even before the beginning of the Christian era— 
still it has been within only comparatively recent years that 
much attention has been paid to the subject. In this country, it 
has only been within the past ten or fifteen years that glazed 
tiles have been made in any quantity, or any particular attention 
pud to their quality from an architectural standpoint. 

There are in use to-day, in the roofing tile industry, both the 
one and tie two-fire process for firing glazed wares. In the one- 
fire process the ware must, of course, be glazed in the green 
state, and the shp or the glaze, as the case may be, must mature 
at the vitrification temperature of the clay used for the tile. In 
the two-fire process, the previously fired or biscuited ware is 
glazed and re-fired to a low temperature in the glost burn. 

The advantages and disadvantages of these two processes 
have already been so thoroughly treated,’ that any further dis- 
cussion here will be unnecessary. Suffice it to say, that glazed 
tiles fired by either process should be fired in muffle kilns, in the 
clean atmosphere of a gas kiln, or else thoroughly protected by 
blocks from soot and ash where coal is used as the fuel. 

As bright glazes are very seldom used, due to the strong 
reflection of light from their brillant surfaces, the glaze needs 
of roofing tile manufacturers may be stated as follows: For the 
one-fire process, colored slips, dull or immature glazes, and true 
mats developing at about cone 02, taken as the average firing 
temperature for good shale roofing tile clays, may be used. For 
the two-fire process, the previously fired or biscuited ware is 
true mats developing at cones 010 to 07, may be used. A few 
~ good bright glazes to be used for special orders or special pur- 
poses may be added to both of these lists. 

This present investigation was outlined for the purpose of 
developing suitable slips and glazes of the types mentioned, and 
which would fulfill the requirements set forth above. 


1 Manufacture of Roofing Tiles, Bull. 11, Ohio Geological Survey. 
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The clay used for the trial pieces upon which the slips and 
glazes were tested was a local shale of fine quality, which was 
formerly used here by the Ludowici-Celadon Company. This 
shale is an outcrop of the great body of Devonian shale of the 
Chemung division, which stretches across the southern part of 
New York State from Lake Erie to the Hudson River. It is of 
massive structure and medium hardness, and disintegrates quite 
easily upon weathering. This clay was ground in a dry pan and 
screened. That used for the trials was ground to pass an 18 
mesh sieve. It was worked up into a plastic mass, 20 percent of 
water being required, then thoroughly wedged and the trials 
pressed by hand in plaster molds. It has a drying shrinkage of 
two percent and a fire shrinkage of five percent. It ‘burns to a 
dense body at cones 02 to O1 in the laboratory kilns. 


COLORED SLIPS AT CONE 02 


We will take up first colored slhps for the one-fire process 
maturing at cone 02. Orton and Worcester? have very fully dis- 
cussed the advantages and disadvantages of colored slip coatings. 
They do not cost any more than glazes, even though they require 
larger amounts of coloring oxides, because the base slip is very 
inexpensive. They have a wide heat range; they are free from 
the common troubles of glazes both in burning and upon expos- 
ure to atmosphere conditions; they do not become vitreous 
enough to stick in burning so the tiles can be allowed to touch 
each other; they give very fine soft color effects and reflect even 
less hght than mat glazes; and finally, they can be made practi- 
eally impervious to moisture, so that they will not stain and 
discolor unduly. 

About thirty different white base slips of various composi- 
tions, taken from a number of different sources, were tested. 
These were applied by dipping to the bone-dry trial pieces. The 
most vitreous, and in all respects the most satusfactory base slip 
developed was composed simply of 95 percent M and M English 
ball clay and 5 percent of any of the following fluxes: sodium 
earbonate, sodium chloride, borax, lead carbonate, flux No. 1 or 
flux No. 2. 


* Bulletin 11, Geological Survey of Ohio. 
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FLUX No. 1 FLUX No. 2 
COMantOnaGal tray ein eee ee. 1 White clead «cee ce eee ee 3 
Sodium. canponate-. 6). aun 1 Sodium: Carbonate: se ee ees i 
Wilrite-cleadi re ae eee ae uf 


They all worked about equally well. The slip composed of 
95 percent ball clay and 5 percent NaCl proved to be entirely 
satisfactory, fitting the body perfectly and being steel hard at 
eone 02. It was also practically impervious, and was the uP 
selected as the base for the color trials. 

A very pleasing light green was obtained by adding 10 per- 
eent of chromium oxide to the base, and a fine dark green by 
adding 20 percent of this oxide. In an attempt to get as deep a 
color with less oxide, several stains were made up. One contained 
20 percent of Cr,O,, and when 10 percent of this stain was added 
to the base slip it gave only a very light sage green. This is a 
very pleasing color, however. A second stain was made contain- 
ing 50 percent of Cr,O;, 20 percent of the stain in the slip gave 
as dark a color as 20 percent of Cr,O, alone. <A third stain con- 
taining 75 percent of Cr,O, gave no better results than the one 
containing but 50 percent. 

Good blues were produced, ranging from leght to dark, by 
the use of from two to ten percent of cobalt oxide in the base 
slip. 

A pleasing bluish green of about the same depth of color as 
that given by 10 percent Cr,O, was obtained by adding to the 
base slip 15 percent of lead chromate and 2 percent of cobalt 
oxide. 

Ten percent of copper oxide seemed to have no coloring 
effect in the slip. | 

Twenty percent of MnO, gave a dark chocolate brown. 

A mixture of 20 percent MnO,, 20 percent CoO and 10 per- 
cent Cr,O, added to the slip gave a very dark blue-black. 

A few other colors can undoubtedly be developed, and many 
variations of color and tone can be made by blends of those al- 
ready cited. It may be said in general in regard to colored slip 
coatings, that large amounts of coloring oxide are necessary to 
give even medium colors. For the colors available, however, the 
colored slip gives a very delicate, soft, pleasing color effect. 
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DULL GLAZES AT CONE 02 
A few very good, immature glazes for the one-fire process 
maturing at cone 02 were developed, but the type of glaze did 
not prove reliable at this heat, being too easily effected by slight 
variations in the temperature of the kiln. 


“MAT GLAZES AT CONE 02 


A very good mat glaze having a heat range of about cone 04 
to cone 1 was developed for use on one-fire tiles. The formula 
and batch of the white base giaze is as follows: 


0.60 PbO 

0.25 CaO 0.35 Al,O, \ iSO 

Oet5.K2O 

BATCH 

Vt Esmee 1a eee es OM ey Meta aise ais <a te, Lia) avin alee « 154.8 
Wer tne ie ie i, ae eS fe hs Oca Seb aks 25-0 
[ECS ES Gah ee see hey See eae, Ska oe nt a 83.6 
Re Rte Pe Pet Lge oe Ae ORIEN nas Che ede de ost cain 0.08 SileG 


Clay to be calcined before use in the glaze. 
The batches of five very good colored mats for the same heat 
range are as follows: 


VVHIIP COCO oc Glotea sb ats 308.0 129.0 308.0 104.0 129.0 
Vili erator. fer tes FS 50.0 20.0 50.0 34.8 ran 
Hela snag ioc er ccs ok 166.0 84.0 166.0 83.0 84.0 
TAIN 2OCS Gere ee eye 0.0 12.0 0.0 ee 6.8 
Calcinéd kaolin’ =... 88.0 44.0 88.0 30.2 44.0 
| SW oc, Se OS A nite Ad ane 0.0 18.0 0.0 23.4 18.0 
Te rate Gace gh 2 eee ae 30: eG tO) res 0.0 
EITC DROSS. WES ie enh Oran os 20.0 20 7.0 0.0 0.0 
tO) Mae peer he eee eons 0.0 0.0 12.0 0.3 0.0 
CNA 98 oh Si Fear ne ie oe 0.0 0.0 0.0 0.7 0.0 
BOSC PIM aes. GAs oes 0.0 0.0 0.0 9.0 0.0 
PLOMaad KAOMIN: fe. o> <0 0.0 0.0 0.0 4.6 0.0 
PiimOXTOGr dr aera ao ess 0.0 0.0 0.0 SUR 0.0 
INO ee erie Po eede eer. ak els 4.0 0.0 0.0 0.0 igen’ 
RA NCOO) saa an hth 0.0 0.0 0.0 0.0 ait 


3 From the notes of Prof. C. F. Binns. 
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Taking up now the glazes required for the two-fire process, 
which must be used at cone 010 to cone 07, we have first: 
COLORED SLIPS AT CONE 010-07 
By adding up to 50 percent of white lead to the same slips 
used at cone 02 they can be made steel hard at cones 010 to 07. 
| DULL GLAZES AT CONE 010-07 


A very successful type of glaze for this purpose is one 
which is du:l from immaturity. To develop a suitable immature 
olaze at this temperature, a series was made up as follows: 


0.10 K,O(Na,0) 





0.50 PbO 
.15-0.30 Al,C 0-3. 
0.25 Cad 0.15-0.8 en / 1,5-3.0 SiO, 
0.15 BaO 
Series E 3 percent Cr,O, added. 

SiO, 0.30 Al,0, 0.25 Al,O, 0.20 Al,0, 0.15 Al,0, 
3.0 Nos. 1 Nos. 5 Nos. 9 Nos. 13 
2.5 2 6 10 14 
2.0 3 . ad 15 
1.5 4 8 12 16 


Notre. These glazcs were made with Cornwall stone. 


This series, both at cone 010 and at cone 07, gave some very 
fine dull-green glazes. At cone 07, Numbers 1, 2, 5, 6 were the 
best and at cone 010, Numbers 7, 8, 10, 11, 12, 14, 15 and 16 were 
all good vitreous, dull green glazes. Using glaze No. 11 as a 
base, good dull colors were obtained by adding 3 percent of 
CuO, Na,U,O,, CoO and MnO. 

MAT GLAZES AT CONE 010-07 


For this type of glaze at cones 010 to 07 for two-fire tiles, 
one series was tried. It is as follows: 


0.80 PbO ] 
0.10 CaO $0.17-0.23 Al,O, {  1.0-1.4 SiO, 
010 K,0 | 


2 percent of CuO added. 
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SiO, 0.23 Al,O, 0.20 Al,O, 017 ALO, 
L24 Nor 1 No. 4 No.7 
2 Noe 2 No. 5 eos Ss 


L50 Nowe3 No. 6 No. 9 


Number 1 and Number 4 are good dark green mats at cone 
010, or a little lower. Care must be exercised to use the exact 
formula of the feldspar in compounding the glaze, in order to 
get a mat surface. Calcining all or part of the clay is also de- 
sirable. 
BRIGHT GLAZES 


Bright clear glazes for either the one or two-fire process of- 
fer no difficuities, the ordinary raw lead glazes being used. 

Dark reddish browns and blacks are easily prodeced by ad- 
dition of Fe,O, in the form of Albany slip, oxide of manganese 
and oxide of cobalt. 

Green colors cannot be satisfactorily produced in these lead 
glazes by the use of copper oxide, except at very low cones, and 
quite large amounts of chromium oxide must be used to get a 
green color which is not destroyed by the red body color under- 
neath. 

CONCLUSION 


In coneluding this paper, the writers wish to emphasize a 
point which has been brought out rather clearly in our study of 
roofing tile glazes, and that is, that while slips give very pleasing 
and satisfactory results if large amounts of the coloring oxides 
are used, the dull glaze or mat of immaturity is a most promis- 
ing type for a low temperature commercial roofing tile glaze. 


DISCUSSION 


Mr. Bleininger: I do not wish to criticise the paper, but 
my neighbor, Miss Farren, has raised a point of importance. She 
says, ‘‘Why don’t you standardize your colors? It would be bet- 
ter to speak of a neutral brown than a mouse brown.’’ I think 
that we should hear something about the colors, and how they are 
standardized. 
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Mr. E. T. Montgomery: I should be glad to have some 
information on the subject. The common name is perhaps 
mouse color, rather than mouse-brown. 

Miss Farren: In teaching our students at the Carnegie In- 
stitute of Technology, we are trying to lead them to use a better 
system of describing color. For instance, if they want to de- 
scribe a color that 1s made of red and brown, they say red brown 
or brown red, according to which color predominates. If trying 
to deseribe a color with considerably more red than brown or 
vice versa, it can be described as red red-brown, ete. If trying 
to describe a color neutralized ‘by its complimentary and leaning 
more toward one color than the other, they would say neutra- 
lized one-fourth, one-half or three-fourths, as the case might be. 
It may be neutralized either with black or its complimentary. 
We are opposed to their using expressions such as Nile green, or 
any terms derived from objects, as they are very misleading ed- 
ucationally. 


EFFECT OF CONSISTENCY AND AMOUNT OF SAND 
ON THE PROPERTIES OF LIME MORTARS 


BY We Eb. EMURY 


It is generally taken for granted, when making test speci- 
mens of lime mortar, that the consistency is of some importance 
as a factor in influencing the results obtained. ‘There is at pres- 
ent no method in general use for measuring or recording the 
consistency. Most investigators merely add enough water so 
that the mortar ‘‘looks to be about right,’’ and then record the 
percent of water used. But the properties of different limes 
vary so widely, that unless the original sample of lime can be 
exactly duplicated, the figure for the percent of water will be 
useless for anyone who tries to duplicate results. The same pro- 
portions of lime and water may give either a thin or a thick 
paste, depending upon the quality of the lime. Some investiga- 
tors have assumed that comparable results can be obtained, if 
the same proportions of lime and water are used for all speci- 
mens. This frequently leads to the production of mortars 
which are so thick or so thin that they cannot be molded, or at 
any rate it takes no account of variations which may be caused 
by different consistencies. 

It is commonly known that an increase in the proportion of 
sand in a lime mortar will cause a diminution of the strength. 
It is customary to use three parts of sand to one of lime in mak- 
ing test specimens, but it is desirable to know what influence a 
change in the proportion of sand will have on the final results. 

In order to obtain the information required, the three con- 
stituents, hme, sand and water, were mixed in proportions vary- 
ing by intervals of five percent. The consistency, shrinkage, de- 
erease of weight, and crushing strength of the resulting mortars 
were measured. 

The lime used was a dolomitic hydrate made by the Kelly 
Island Lime and Transport Company. This was mixed thor- 
oughly by hand with run-of-mine Ottawa sand, after which the 
water was added, and again mixed by hand. 
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First, the apparent density of the material was measured by 
filling a vessel of known volume and weighing it. The mortar 
was merely shaken down in the vessel—not tamped—the idea 
being to get an approximate relation between the percent by 
weight, as used in the laboratory, and the percent by volume 
for practical use on the job. This relation is shown by Figure 1. 
If it is desired to express the proportions of the constituents as 
percent of water based on the lime, and as parts of sand, the 
diagram in Figure 2 will give the desired relation. The densities 
of the different mortars are shown in Figure 3. 

To measure the consistency, three different instruments were 
used: 1. Chapman’s instrument which was described in the 
Proc. of the Amer. Soc. for Testing Materials, 1913. This con- 
sists of a cylindrical mold made of hard rubber and split along 
one side only. The mold, mounted on a glass plate, is filled with 
the mortar, and is then raised one-half inch off the table and 
allowed to drop. The jar causes the mortar to settle in the mold, 
and the elasticity of the rubber permits it to spread open where 
it is split. The results obtained are given in Figure 4. 2. The 
plunger instrument was described in the Transactions of the Na- 
toonal Lime Manufacturers’ Association, 1911. It consists of a 
plunger, which is immersed in the mortar and then pulled out 
by a known weight. The time required to pull the plunger out 
is noted. This instrument is equipped with five plungers of dif- 
ferent shapes: solid cylindrical, hollow cylindrical, conical, 
wedge-shaped, and spherical. The results obtained by using 
these plungers are shown in Figures 5, 6, 7, 8, and 9, respec- 
tively. (3). The Clark viscosimeter, described in the Trans. 
Amer. Cer. Soc., 1913, consists of a hollow metal cylinder which 
is immersed in the mortar and then rotated at a constant speed. 
The power required to turn the cylinder is applied by means of 
an electro-magnet, and is therefore a function of the current 
used to excite the magnet. This current is recorded as a meas- 
ure of the consistency. The cylinder may be replaced by a pad- | 
dle carrying two square blades set parallel to the axis of rota- 
tion. The results obtained by this instrument are shown in Fig- 
ures 10 and 11. 
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The mortars were finally molded into two-inch cubes, which 
were permitted to harden in the air for 60 days, when they were 
measured and weighed, and their crushing strength was deter- 
mined. This data is given in Figures 12, 13 and 14. 

To show the use of the above curves, let us take a concrete 
example: A dolomitic hydrate will generally make a good mor- 
tar when mixed with its own weight of water and three parts of 
sand. The composition of such a mortar is shown by Figure 2 
to be 20 percent lime 20 percent water and 60 percent sand by 
weight; or, from Figure 1, 40 percent lime, 20 percent water, 
and 40 percent sand by volume (opproximately). It will have 
an apparent density of between 1.9 and 2.0, Figure 3. When 
tested by Chapman’s instrument, the rubber cylinder will spread 
about 15/16 in., Figure 4. In the plunger instrument, about 
7/10 of a second will be required to pull out either the solid or 
the hollow eylindrical plungers, while the conical, wedge-shaped, 
or spherical will be useless. The consistency cannot be measured 
by the Clark instrument when either the cylinder or the paddle 
is used. <A two-inch cube of the mortar, when 60 days old, will 
show a contraction of 5 percent of its original volume, a loss of 
about 13 percent of its original weight, and a crushing strength 
of 200 pounds per square inch. 

A study of these curves will bring out the following points 
which are worthy of note: 1. In order that a mortar may have 
such a consistency that it can be used, its composition may be 
varied only within certain limits, but these limits are much 
wider than they are generally supposed to ‘be. - 2. A variation 
in the proportion of water in a mortar has a much greater in- 
fluence on its properties than a similar variation in the propor- 
tion of sand. 3. As a means of measuring the consistency, 
Chapman’s instrument gave excellent results. It covers the field 
completely, and is sensitive to small changes of composition. 
The sold or hollow cylindrical plunger is also quite sensitive. 
Its field is more limited, but contains most of the mortars com- 
monly used in practice. The conical, wedge-shaped, and spheri- 
cal plungers are useless. The Clark instrument is valuable on 
account of its extreme sensitiveness, when measuring the con- 
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sistney of a lime paste, but is useless for mortars. 4. Any var- 
lation in the composition of a mortar has a decided influence 
upon its properties. This may be emphasized by the actual re- 
sults, as shown in Table I. 








TABLE | 
COMPOSITION BY WEIGHT 
SHRINKAGE CRUSHING STRENGTH 

PERCENT PERCENT PERCENT 

LIME WATER SAND 

20 20 60 5 200 

25 15 60 eel 140 

25 20 55 3 913 

15 25 ; 60 12 65 

20 25 55 11 103 

15 20 65 V4 105 

20 15 65 0 205 


The consistency is evidently a very important factor which 
must not be neglected when measuring or comparing the proper- 
ties of ime mortars. In fact, a comparison of the curves in 
Figures 4 and 14 indicates that the strength of a mortar is in- 
fluenced more by its consistency than by its composition. 
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THE INFLUENCE OF SOLUBLE SALTS IN A CLAY 
UPON THE BEHAVIOR OF A SLIP AND GLAZE.! 


BY MERLE A. COATS, ALFRED, N. Y. 


The clays used in this investigation were terra-cotta clays 
from New Jersey, the serial numbers being 405 to 408 inclusive. 
These clays were first tested for soluble salts in the following 
manner: Each of the clays was agitated in a dilute NaOH solu- 
tion in order to break up the particles of clay and to liberate the 
soluble salts. After settling, the clear liquid was tested for the 
soluble salts contained. 

The following method was also used. A known weight of the 
clay was placed in a beaker, and a small amount of distilled water 
added. This was boiled for about two hours, keeping the amount 
of water constant by addition. The liquid was then filtered, evap- 
orated to dryness and the residue weighed. This residue repre- 
sents the salts from the clay. It was found that with the same 
clays, the amount of soluble salts liberated by the alkaline solu- 
tion was greater than obtained with the distilled water, showing 
that the clay was more thoroughly broken up by the first method 
of treatment. The results of the determinations were: 


TABLE | 
CLAY AMOUNT OF SOLUBLE AMOUNT OF SOLUBLE 
NUMBER SULPHATES CHLORIDES 
405 Free from sulphates Cl present 
406 Free from sulphates .74 percent 
407 .356 percent Free from chlorine 
408 Present Free from chlorine 


Clays Nos. 406 and 407 were selected for the body, as one of 
these was free from sulphates and the other was free from chlor- 
ides. The grog was passed through screens 10 and 30, saving 
what passed through the 10 and not the 30. The test pieces were 


‘ Abstract of a thesis done at the New York State School of Clay-Working and 
Ceramics, under the direction of Professor Charles F. Binns. 
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small tile, about 2 in. by 3 in. by 1% inch. The result of the 
body test 1s shown in the table: 














TABLE Il 
ACTION IN FIRE AT CONE 6 
BODY CLAY PERCENT PERCENT DRYING 
NO, | NO. OF CLAY OF GROG QUALITY COLOR | SHRINKAGE 
1 406 15 25 Short | Cream | 12.5 percent 
2 407 T5 25 Good | Cream | 3.8 percent 

















Body No. 1 had too much shrinkage to-be good, so body No. 
2 was selected for the tests. 
The undershps tested were as follows: 


UNDERSLIP No. 1 UNDERSLIP No. 2 
Paelishichinacclay i asnce nee eD Raglish: china v clay? «ey e.c5 i 350 
Ee ppolis meebo cClayas 2c «as oca 6 uchish patie Cla Vn Gwe ct.e5 50 
1S eR Ande i 20 SEG Git ta ant a oa aoa A 60 
MortwallmstOne oekis case. 45 Se eee A A Pe che SRS 130 
Gerulainebalicclays. ste 2s Ss 6 
Soqianmcarponate io. cc.es. 


No. 1 came out a good white, at cone 6, while No. 2 was a 
cream color. Both covered well and were mature at that fire. 
The following are the formule and the batch weights of the 
four corner glazes of the glaze series used: 
Number 1 K,O 0.16 
CaO 0.40 
BaO 0.35 
ZnO 0.09 | 


Number 2 K,O 0.16 | 


LOS 005th SOs 2% 


CaO 0.40 
BaO 0.35 
ZnO 0.09 


Number 3 K,O 0.16 | 
CaO a Wen sO) 230 a ASLO). 2.0 


ALO 6025 2 S10, 2.9 


Ba) 0735 
ZnO 0.09 


Number 4 K,O 0.16 ) 
CaO 0.40 
BaO 035 eee re ee 


ZnO 0.09 
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BATCH WEIGHTS 





| IN@ fee | No: 2 | No. 3 | No. 4 
Spare: te: soe eee 89 89 Sorts 89 
Whe cota ae ree 40 40 40 40 
Barium carbonate ... 69 69 69 69 
JAD COKICE Scie v¢ 7 7 ay 
Kraolin ys... 320 «tae 23 23 49 49 
Fulttits:* seva.ce. eta ene: 88 112 76 100 


Glaze No. 1 came out a good mat in a preliminary burn, and 
was selected as the glaze to be used for the rest of the work, but 
later it proved to be more of an enamel and was not dependable 
as a mat glaze under the conditions of these tests. 

It was found that the grog contained CaSO,, amounting to 


.05 per cent. 


Enough clay and grog were weighed up to make the test 


CaSO, PRESENT 
PERCENT 


Pee Gd. Ei ere St eG) bo. 
ox 


SH 
ow 
Or 


SS 
uN 
oO 


TABLE Ill 





Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 


Normal 


RESULTS 


Glaze covered well 
and did not shiver 


Glaze crawled 
Glaze shivered 
crawled 
Glaze shivered 
crawled 
Glaze shivered 
crawled 
Glaze shivered 
crawled 
Glaze shivered 
crawled 
Glaze shivered 
crawled 
Glaze shivered 
crawled 
Glaze shivered 
crawled 
Glaze shivered 
crawled 


and 
and 
and 
and 
and 
and 
and 
and 


and 
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pieces, and for the test marked ‘‘A’’ enough barium carbonate 
was added to neutralize the sulphate present. Test ‘‘B’’ con- 
tained only the sulphate already present in the body, but unneu- 
tralized. In the rest of the tests, CaSO, was added to the body 
in increasing percentages. The series is tabulated as follows to- 
gether with the results obtained from this series using body No. 
2, underslip No. 1 and glaze No. 1. 

Although the glaze on all of the trials from the .5 percent 
content of CaSO, up to the 5 percent content shivered, it was 
incipient in all cases, and it did not increase with the increase 
of the sulphate. All of the glazes except on the first test piece 
‘“A’? crawled very badly. This was due to the lack of bond be- 
tween the body and the glaze caused by the coating of the soluble 
salt that formed on the surface of the piece in drying. All of the 
test pieces showed peeling when the glaze was first applied. 
There would be formed small cracks which did not heal over when 
the trial was burned. This was obviated somewhat by a careful 
application of the glaze. 

The next series contained common salt, NaCl. It was added 
to the body in the same way as in the previous case, the same 
body being used with the same glaze and underslip. The results 
are shown as follows: 


TABLE IV 

MARK Nis oat ae CONE SHRINKAGE RESULTS 

AY 0.5 6 Normal | Glaze did not shiv- 
ef .put ct.az.ed 
Slee mtiry and 
crawled 

BY 1.0 6 Normal | Shivered & crawled 

Cz 125 6 Normal | Shivered & crawled 

Ds 2.0 6 Swelled | See note 

ote 2.25 6 Swelled | See note 

F’ 3.0 6 Swelled See note 

G’ 3.5 6 Swelled | See note 

i ee 4.0 6 Swelled See note 

i 5.0 6 Swelled | See note 


NOTE: In all the rest of this series the glaze and body bloated under the influence 
of the salt so that it was impossible to ascertain just what the results were. 
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In another series, the coating of salt which had formed on 
the surface in drying was removed. When these were burned the 
only effect noticed was that the glaze covered the test pieces 


better. 


In the rest of the series the glaze used was a mat which ha 
been developed in another experiment. 


batch weights are as follows: 


In the next series magnesium sulphate was added in the 
same manner as 1n the previous tests. 
and the underslip the same as before. 


ZnO 0.09 


FORMULA GLAZE No. 42 


CaO 0.40 
BaO 0.35 


K,O 0.16 | 


Whiting 


Barium carbonate 
Zine oxide 


Kaolin 
Spar 
Flint 
Dextrine 


Al,O, 0.31 


BATCH WEIGHTS 


shivering. The results are as follows: 


MARK 


TABLE V 


PERCENT 


MgSO, PRESENT 


pRWwWNDNDHHO 
Ronrnonoununon 


AAAAAAA AH & 


SHRINKAGE 


Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 





Si0, 
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The formula and the 


cS 


(Se) 
No) 
CS) afer eve =) 


The glaze used was No. 42 
The MgSO, did not cause 


RESULTS 


shivering 
shivering 
shivering 
shivering 


_ shivering 
| shivering 


shivering 
shivering 
shivering 
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In the next series which contains CaCl,, the glaze and the 
underslip were applied to the leather hard body. The results are 
as follows: 


TABLE VI 
CaCl, PRESENT 4 

MARK ace CONE SHRINKAGE RESULTS 

Abn! * 0.5 6 Normal Shivered slightly 
Beas 1.0 6 Normal No shivering 
Gye tess 6 Normal Shivered. slightly 
Das 2.0 6 Normal Shivered slightly 
ay Pais 6 Normal Shivered slightly 
hey 3.0 6 Normal Shivered slightly 
Gite 3.5 6 Normal Shivered slightly 
Ve eg ae 4.0 6 Normal Shivered badly 
Rete 5.0 6 Normal Shivered badly and 

crawled 


The next series contained ferrous sulphate. 








and underslip were used giving the following results : 


The same glaze 





TABLE VII 
FeSO, PRESENT ; 
MARK a CONE SHRINKAGE RESULTS 
Nahas 0.5 6 Normal Shivered 
Bere 1.0 6 Normal Shivered 
Cow aa i 6 Normal Shivered 
iB exces 2.0 6 Normal Shivered 
j ee 25 6 Normal Shivered 
Bove 3.0 6 Normal Shivered 
G”” 3.5 6 Normal Shivered 
CONCLUSIONS 


1. The addition of a soluble salt to a terra-cotta body will 
cause the glaze to shiver, hence, the presence of a soluble salt in 
a clay that is used for terra-cotta, is one source of the phenome- 
non of shivering. 

2. The amount of salt that is present in a clay does not af- 
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feet. the degree of the shivering, as a small amount will cause it, 
and a larger amount does not seem to make it more serious. 

3. The addition of a ‘‘fixer’’ as barium carbonate, will 
eliminate the trouble. 
| 4. Applying the glaze to the leather hard body will not 
prevent the glaze from shivering. 

All of the methods that were employed in these experiments 
were as near like the factory methods as it is possible to get ex- 
perimentally. The fire in all cases was for 72 hours to cone 6 
with an equal length of time for cooling. The glazes and the 
undershp were sprayed on. The bodies were mixed by hand and 
were hand moulded in plaster moulds. 


TERRA COTTA BODIES, SLIPS, AND GLAZES.! 
BY GORDON D, PHILLIPS, ALFRED, N. Y. 


The object of this series of experiments was to produce a 
satisfactory combination of body, shp and glaze to mature at 
eone 6-7 for architectural terra-cotta, and to study such points of 
interest as might come up in the course of such an investigation. 
Accordingly the work was outlined to secure: first, a satisfactory 
body as nearly as could be determined from the body itself with- 
out the application of slp or glaze; next, a good white slip to fit 
the body; and lastly, a suitable glaze to cover this shp so that 
ultimately the whole should enter into a perfect union which 
would not admit of peeling or scaling either before or after ex- 
posure to clmatic conditions. 

Plaster molds for trial blocks 21% in. by 4 in. by % in. were 
made, and these same molds were used throughout the experi- 
ments. All bodies were made up by grinding the clays to pass 
through a 12 mesh sieve, mixing with the clay in the dry state 
the various other ingredients, putting the whole into a soak pit 
for 24 hours, and then pugging the mix by hand on a plaster 
slab. From the prepared body mix, the trials were made up by 
‘“pressing’’ in the plaster molds, removing it as soon as possible, 
and then tooling the faces down to a finished surface. 

After a considerable number of preliminary trials with dif- 
ferent body mixtures, the following body mix was decided upon: 

PERCENT 





OVINE Se SLOW At Gulla Viel kale Nels se eae ee ae > 9.5 
Re a fot SIL) oe eine oc web eke os ee aw Oe 20.0 
Bace; lio. SONS OMI Ale GaolinwSae ho BNOIO chchOAGuGicenGi aks Omri ane 00.5 
The slip coating selected had the following composition : 

? PARTS 

ie lari Real V Ont lle ces tis os wok aces 25.0 
Allpre ayn Heilt.s IN Oerl lain «<5 Oe ca bea wa wea s 6.0 
AO ere SOO eh ipo Si5 uaa o/s d's ws b Siete ale 45.0 
SSO RTOs cdl el ee Renn ee len ere en ee 6.0 
tt ee eine: ss te SPS oe. <b es ann las bal dle 20.0 
USEC a OI et GP tee Oke 5 yee oo Waele 1.0 
103.0 


1 Abstract of a thesis done at the New York Statc School of Clay Working and 
Ceramics under the direction of Professor Charles F. Binns. 
24 New Jersey clay from H. ©. Perrine and Sons, South Amboy. 
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This slip was made up by grinding all save the sodium car- 
bonate in a ball mill for two hours, lawning through a 120 mesh 
lawn, allowing to settle as much as possible, drawing off the sur- 
plus water, and then stirring in the sodium carbonate to thin the 
siip. The slip was sprayed upon several of the dry body trials, 
and these were burned to cone 6 in the usual laboratory burn of 
24 hours with rapid cooling. All these trials came out very satis- 
factorily. They were a good white and practically vitrified. 
There was no crazing, shivering or crawling, and the union be- 
tween the slip and the body could scarcely have been improved 
upon. 

Having developed a satisfactory slip the next proposition 
was to develop a good mat and a good, bright terra-cotta glaze 
to cover it. Using the R.O. content 

K-07 07167, 
CaO 0.40 
BaO 0.35 /[ 
ZnO 0.09 


an extensive series was made up, covering all the probable area 
of varying alumina and silica. This series was burned fifty 
hours to cone 6 and then cooled slowly. 

These glazes were made up by grinding A, B, C, D, No. 1 
and No. 31 lawning through a 120 mesh lawn, drying them and 
then blending. The reason for placing A and C in the position 
in which they are, instead of at the extreme top, was that if C 
were placed at the top the necessary amount of clay would raise 
the silica content too high. 








TABLE II—BATCH WEIGHTS 
INOgeel: No. 31 A B Cc D 
ey ON SL NORA go 1133 5 0 eleSemle ES ryilee2, ales, we Walaa al? Is ee 
Whiting eee ok, . 40.00 40.00 40.00 40.00 40.00 40.00 
Bac wre, 68.95 68.95 68.95 68.95 68.95 68.95 
hr ON RR Soe ae 7.29 7.29 7.29 7.29 7.29 7.29 
Glave te sete es, 0.52 SlealiG O52 ORa2 52.12 ey 1 
Bligtiantaen: e8. 12.96 3.60 24.96 144.96 0.96 120.96 




















242.84 | 254.12 | 254.84 | 374.84 | 282.44 | 402.44 
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The materials from which all the glazes were made up were 
Eureka spar having the formula: K,O, 1.3 Al,O;, 8.0 8iO,, whit- 
ing, precipitated barium carbonate, zinc oxide, Florida kaolin 
and Eureka flint. 

The method of applying all glazes was by spraying. First 
the slip was sprayed upon the dry body, then directly upon this 
the glaze until a water gloss began to appear. As soon as this 
disappeared another coat of glaze was applied, and this alterna- 
tion continued until the glaze coat was thick enough. 

This series gave good results. Area 1, 4, 31, 34 showed mat 
tendencies but all crazed, the crazing decreasing with the increase 
of silica and alumina. Area 41, 48, 61, 70, 78 and 85 showed 
promising mats, with 42 being very good. The remainder of 
the series varied through poor mats and immature bright glaz- 
es to a splendid bright glaze in No. 90. Number 42 as a mat 
and No. 90 as a bright glaze were the two best glazes of the ser- 
ies. As further proof of the advisability of using No. 42, an- 
other series was made up, covering part of the upper area omitted 
before. This was burned under the same conditions as the pre- 
vious series. As No. 42 had shown a little tendency to flow and 
for fear that the zine content was too high for stable color work, 
the RO was changed as follows: 


K,0 0:16 
CaO 0.44 
BaO_ 0.35 
ZnO 0.05 


The following area was covered: 


TABLE Ill 
Al.Os 
Sill | 335 | oD) | SAi¢ | 39 | 41 
S10, 107% No.1 No. 5 No. 9 No. 13 No. 17 No. 21 
SiGs2g No.2 No. 6 No. 10 No. 14 No. 18 No. 22 
SiQeceedo No. 3 No. 7 Nomi No. 15 No. 19 No. 23 
Dios 2S ee No. 4 No.8 No. 12 No. 16 No. 20 No. 24 
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TABLE IV—BATCH WEIGHTS 








No. 1 No. 4 
Sidi aku: Siar. Aa ak 113.12 11212 
AREAL Tog pCa ee TRAE ns 44.00 44.00 
1 3 1 Fibs Me ere eng 68.95 68.95 
EE64 & NGOS yh} sean 4.05 4.05 
(Ei aig: pai ere 26.32 26.32 
Pee eee es 12.96 48.96 

269.40 305.40 


From this series the desired results were obtained. 


INOse Toit 


113.12 
44.00 
68.95 
4.05 
52.12 
0.96 





283.20 


L732 





All were 


mats, but the area No. 1, No. 4, No. 7, No. 6, No. 9 were slightly 
crazed. Numbers 10 and 14 were beautiful, soft, silky, white 


mats, 14 being slightly smoother than 10. 
alaze, No. 14, was selected for color work. 


It has the formula: 


BaO 0.35 
K,0 0.16 
CaO 0.44 
ZnO 0.05 


Al,O, 0.37 


Oxygen ratio 1.8 


BATCH WEIGHTS 


eh ere ee Smee x eee Oe 8S GW eheioote s 


BaCOs ODE ONO 6 a oead Bio oo al ine ae ok bor Oe DOCS 


O: BAe (©. 10°16, @: Oks) s 


SiO, 1.9 


oe ee ee we oe 


© 6 “ew! Ie fe ao Nel xe 


2 ee ee ee oo 


Accordingly this 


It was found that .5 percent of dextrine was necessary to 
make these glazes adhere well, but it was later determined that 
by replacing 20 percent of Florida clay with Tennessee ball clay 
equally good results could be obtained without the use of dex- 


trine. 


The next step was to make up a number of stains as follows: 
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STAINS 
DARK BROWN. No. 1, CONE 1 
Berner oxides a2 3: Sab LS OFGN 6 one ee oe 80.0 
CHEOMMCHOXIGG oe tins Ge ee ee cee ee Las Mae ce 
PASE AS pete veces as cas ee es ee ee 206.0 
LIGHT BROWN, No. 2, CONE 1 
FerricoOxide) ..Gw Pee ae no ee ee ee 160.0 
Ghromie oxide. Fat hi.g. aoe Cee ee 152.0 
Aen pd Wee erat eae cel ee 204.0 
ZANC “ORIAO. 5 Ea oe te oe eee eee 648 .0 
RED BROWN, No. 3, CONE 1 
Rernic. Oxides... 3 3.cencr des bee ee 160.0 
Chromic’ Oxide). 24s hee ee eee ee 15270 
ZADC ORC OS). OS, Calves lit Si ee ee eee 389.0 
DARK GREEN, No. 4, CONE 7 
Chromic Oxide <i) s.66 6s.90 ee Lee 2g de 
Cobalt oxtdec., .4. cece ie, eee eee 5.0 
Cornwall-stomé 25. 3.6. ee ee eee 15.0 
ZA. ORACE: os hls on ae ete ae oa ee 28.0 
LIGHT GREEN, No. 5, CONE 4 
Chromic’ ORIde) 25.2 ees ee re ee 18.5 
Nitér®:.. oS. ie ee, rom ee ee a 24 7 
Flint ccs oh eet dhe ek ea ee 20.0 
WV ret isis sells: 2 eee elite ene ce ae 20.0 
PluOrspatt ec ian aa et ee ee eee 12.0 
Calcium: chloride’ ae ee ee eee 1250 
DARK BLUE, No. 6. CONE 7 
Cobalt oxide-Sue soe ee ee eee 80.0 
Alumina ~ (4n23..44: 7 oe ee eee eee 102.0 
LIGHT BLUE, No. 7, CONE 7 
Cobalt: oxide. cae oe ee ee ee 80.0 
Alumina” os 2 fee Gai ee ee a eae 204.0 
Zinc. .OxIdE, - sid, Re Ce ee ees ee ee 81.0 
RED, No. 8, CONE 4 
Baritim <chromatemss see ce ee eee ee ee 556 
Red: Tead= te ee or ak rahe, ee ee 4.20 
Woh ttino? eer oe ie ere Gee nen erat 97.68 
Niferite ne eee Wea een enae hte Se ery: 1.00 
Tin: (oxidet ei See atte ae ete eg ene ee eer 167.85 
Flint occhecie See ae ee ne ale eee 67.84 
Boric: acid Van Meee oe eee eae .56 
PINK, No. 9, CONE 4 
Whiting ..co2ssureae tera ce eres eee 300.00 
"Ein (Oxide: sas, Sigs hh ee eee 149.00 
Flints= ¢ccccd. Uap SS ee Se ee ee ee 60.00 
Lead .chrommate.’ 23.5 (eee eee eee 6.46 
PURPLE BLACK, No. 10 
Cobalt ‘oxides 225.5 eee eee 10.00 
Manganese dioxide: tecc5 eee ee ee 90.00 
BLUE SLATE, No. 11, CONE 7 
Cobalt. coxide: i400. 6.2 ee ee eee 80.00 
Manganese sdioxide” 02 oon Meee eee 160.00 


Alumina” 0.8.5 aa et ee ee 250.00 
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In all cases the insoluble materials were intimately ground 
in a ball mill, and then the soluble salts of the batch in solution 
poured over the mix, and the whole evaporated to dryness. This 
mix was then calcined to the cone indicated, reground very fine- 
ly, and then carefully washed free from sulphates and dried. 

Trials were made up with varying portions of each stain to 
determine how much of each stain was necessary to obtain proper 
eolor in the glaze. 


TABLE V 
STAIN NO. PERCENT NECESSARY 
Dea eres cg Cateye tr cltcephahe Wasted seks OG ond We Ohareiud aie 5 percent 
Po Oth peg A CT ORO Laue ORD OL mW OTOIC TEE: CNET RA a 3-4 percent 
Be ie eps CRC CRC OO ns ORO Patan a ar 5 percent 
LE IES A Phas Pet RRA Oo, BAER Ae OM tS OR RE ne 4 percent 
ei Aa eNO OL ea a er 5 percent 
CMR eee eee rear Mi ce wae iret Sake a age wee alles 3 percent 
MRR ee RAE CR aste Oo iata ath ap ota Noss Env euledla® ois rol ees 3 percent 
fol) Beg at bodye nitge COL er aE. OOS ae ee? ep eR ROR RE PRES, em ae C percent 
eee OWI, iced ero Ur nc isc vis oie of 5 6 Oiinn tance "i percent 
Orne ae Mera icc Sharai Masa oie > Al sic Saeca bana ote oF ely,’ 2 percent 
SIL sBicn pat, ic ears San se’ Ci A em ge ae 3 percent 


The colored mats, more especially the blues, showed decided 
erystallization almost visible to the naked eye. 

After this, another more extended series was made up using 
the stains in combinations basing the amounts of each upon the 
results of the first colored series. 








TABLE VI 
AMOUNTS OF STAINS COLOR OF BURNED TRIALS 
Be ECCINE MN Orel ayn ce ricnieb cesta: » ooh tiv etl es Brown 
3 percent, No. 1 ! us 
De Hdsif ING, 2 Oo tee Red-brown 
saperecentmiNo.. 1 | 8 
2 Ricans dNlon Cunle an eho aaa Deep red-brown 
3. percent, No. 1 \ : 
ee oe ae: Gray green 
CEE ENO ee. ae el Greenish brown 
3 percent, No. 5 } 
Bipercent, No. 1 Slate 
ee ee tl Sesh ae 
3 percent, .No:. 1 \ Slate 
fl percent, No. 7 alle) ewe) se) 16) 6) 9) OU @ (0 0.6. 88 Oe ae, 04.06 18 © 6 @ 
Sepercenty No. 1 \ eas Red 
4 percent, No. 8 eive ve. (ellie 6 elce ©) y's) 6 (e178 oe! (0) 0: oe 10 
AED ETCEN GE NOs Piesoe ke 6 idee son ge ss <s Yellow-brown 
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percent, 
percent; 


percent; 
percent, 


percent, 
percent 


percent, 
percent, 


percent, 
percent, 


percent, 
percent, 


Dercene, 


percent, 
percent 


percent, 
percent, 


pencent, 
percent, 


percent, 
percent, 


percent, 


percent, 
percent, 


percent, 
percent, 


percent, 
percent, 


percent 


Percent, 
percent 


DETCcene 
percent, 
percent, 
percent, 
percent, 
percent; 


DET Cent. 
percent 


percent, 


percent, 
percent 


percent, 
percent, 
percent, 
percent, 
percent, 
percent, 
percent, 

















Nor: 

Shee Ep Adee tea aR Sy eee Red-brown 
Nome. 

ND ME pe Ake eg NE Ne eae Gray slate 
Now, ) 

Nou5 (ftv toe bes cee Brown 
No. 2, : 

No. 7 \ inase gray 
No. 2, \ 

Nn Red 
No Br a aaa ate ean Pink 
INO 1 3: ein an cilia ace ee eee ae Red-brown 
Nos 

Naa \ seb dies oie) Rese og ae ea eee Gray slate 
No. 3 

Noes \ MER EER POE SL: Soft brown 
INOune 

No.7 } PEMD a EO a od Dark green 
No. 3 

No. 8 Vie ea eMoerled green and red 
NG4 eee eee Dark blue-green 
No. 4 : = 
Nee \ Dye TIN nad oe een ete ae Cool green 
No. 4 : 

Not (ot Sa ee ee eae Dirty blue-green 
NGA 

No. 8 (cttttttet rte eee Dark green 
INO cece ie eee Pee Light yellow-green 
No.5 : 
No. 7 Ree Te oie tees ce Solt green 
No. 5 
aoe \ es ar ee Motled green and red 
NOD rang © omicke Gems yn ope Deep blue 
IN OR cae A ae eee ep Sher ae es Blue 
No. 7 } 

Nos t Aue Dc Cage ee era Light blue 
No. 7 : 

Np a Ge ren ee ee Light blue 
Now (85 vig i nets cae Lene ee Red 
a ; eS Porn hae, yey So Red-pink 
NOi 9. 4 vk Rao ee eee Pink 
seger Pink sy) sei oe eee eee Red-pink 
Din: oxide eva. a eee ee White 
Pintoxide. 60 seats eee Pure white 
Tin: oxides a Le eee Immature 
Now baci eee Soft light brown 
NOS 1 he eee eee Blue slate 
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PEC OU OME ee Mires poe c.g eas vig bass ~. Blue slate 





a 

CaDeTCER EH CODPER-O RICE 5 5 6 ke Hes 8's Light green 
BPE EOCIN ET NICKEL VOMIGE i yas sis eie els es 6 ee Soft purple 
TBBETECH RMS OUA LO NIUG Pee tires seen 5.0 8 Bright blue 
2epercenis Maneanese dioxide, 0... <. Purple-pink 
BROCE COTES SOCCER PINK esc comes scce os SO GLE Purple-pink 
a percent, Antimony oxide ....:.:..... Dirty white 
REPEreChE. iran GRICE” ca ic acces 2 kale Light yellow 
GPOeLCeNti. eC ranimiin OX1IGE, <¢ ads. Satu aoe Oe vs Yellow 
eo percent -Perric oxide... .. eta nary panel Yellow 
DE OCTCCUL a NORTE. 2 tethnisc be be Os ’. Light blue 
ie DEL CCUO ae Ou gate ak. - eb ar. ss Very light blue 
PEC TCC TaN i SNe) Gott, Wig aeons dana) eds 9 Dark blue 
TSS BY Anh ROIS Sk Se 2 a ree Light blue 
f percent Non tO) ies eos e-. Light purple-blue 
PeDCrCent mic ya Oe mene ta berks Soe eds ows Dark blue 
Pepercent,.Chromrc “Oxide! iv fc3 5: Yellowish green 


Thus the purpose of the experiment had been accomplished. 
The desired combination of body, slip and glaze had been ob- 
tained, both in bright and mat effects and in a large number of 
colors. Below are summarized the body and slip batches, and the 
formule and batches for the bright white and mat white glazes. 
Any colors may be obtained in either glaze by using the proper 
stains as shown above. 








Body mix: 
POG ee COM CWALCE CLAY «| Vang Css hated a's 4 aes 79.5 
Se ee a A SI ere rs cob Pe alee Swe le lac atone 20.0 
es TM CALIS ORAL C MET Rite ses ese ke obo koe oe ud 00.5 
100.0 
Slip” mix: 
cAaaecravanGh th. Granth eNO T) Wick lo Wad Ae be os 25.0 
Seine al aC LAV NN Oar ty te aye 5 Os 2 wag din bs wc hb ss 6.0 
(SEER OSC PEL SS Ws TENS RE oi a a oe 45.0 
Ree Em VT ARS Pa ee oe arg ws 0 gy lees Sas 6.0 
are ire a orate ar ae ieee PWG aS ety tS wees 20.0 
SOCIATED Gad OITA EC PRE we iclte PS Seva his cies ota saa e's £20 
103.0 
BRIGHT WHITE GLAZE 
K,0 0.16 
CaO 0.44 
lie) 0.4 Te SiO 3.7; 
BaO 0.35 ae ? 
ZnO 0.09 


Oxygen ratio 3.7 
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BATCH WEIGHTS 





DA ar Ake elit Stiao ie ies 6k als tyne heh Se eee seeeee DAZ 12 
Witter  iskee Sy cer ey oie etn 40.00 
Bacittivie CATDONATC. «\:4:4. rssh eae an cone Pere 68.95 
ZA CMOKIG Cae OR BRO tN etait tee ale aie Rae eee 7229 
MIGEICAN Cla Vans. m cea scerers ETS AEA ih hot eK 41.70 
‘Bening sballiclayys 2.0 206 pec. cat eee see 10.40 
BE ita, Mickie ojos age so low oie Getic team ac eee ee 120.96 
402.42 
MAT WHITE GLAZE 
K,0 0.16 
CaO 0.44 : 
ALO. OS le. a0 kOe) 
BaO 0.35 i 2 
ZnO 0.05 | 
Oxygen ratio 1.8 
BATCH WEIGHTS 

SPAT, sore Sols ole Pe Ree ee oe ee eee eee ee ek 
Weitere ee ee 0.44 
Bariumscarbonated:- ses hee eee eee 68.95 
LANG ORIGE = a 6 eh cole a ee Pe ee on ee 4.05 
Florida’ clay (*3.2% sc 4a ee ee a eee eee 33.40 
Tenny ball: clays icone eee eee 8.40 
Hite. a Be eet oa Ge ae ne ree ce ene era Lie KS 





289.68 


This combination should be burned to cone 6 in a 50 hour 
burn, with slow cooling, to obtain the results tabulated above. 


ON THE BURNING OF ROUGH TEXTURE SHALE 
BRICK 


BY WALTER A. HULL 


The advent of the extensive use of rough texture face brick 
has been accompanied by a eall for colors which were not in 
general use in earlier years. Formerly, most brick of colors 
other than red, were made from the various grades of plastic 
fire clay. In rough texture brick, a great variety of colors is 
produeed from shale. Some of these colors are good by them- 
selves; some are good when combined with other colors; and 
there are those which are not particularly good, either by them- 
selves or in combinations. It is one of the problems of every 
builder, architect, dealer and brick maker to make the most of 
these colors. It is one of the face-brick maker’s most important 
tasks to produce brick of desirable colors, to make the different 
colors in quantities suitable to the demand of his market without 
an excess of any of them, and to reproduce his colors at will 
kiln after kiln. 

This matter is put up to the burner in various ways. He 
may be told to burn more dark brick, or more reds, or that there 
is a big market for this shade or that, ‘‘If we could only make 
them.’’ Sometimes he has to burn brick for a large order that 
cannot be shipped wholly from stock, and he is expected to bring 
off a number of kilns very nearly like each other, and with as 
large a proportion of certain shades as possible. If he stops to 
analyze his duties and the range of his powers of production, he 
may put the matter down as follows: 

1. Burning whole kins of reds. 

2. Burning and controlling modified reds. 

3. Burning whole kilns that will make good run of kiln 
jobs as mingled shades. 

4. To produce whole kilns of dark, or flashed brick that 
are reasonably uniform in shade. 

5. To burn kilns that will turn out high yields of very 
dark brick. . 
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6. Tio produce a large proportion of red center and dark 
border brick. 

If a burner can do these six things, is trying to improve and 
is a good man in other respects, he ought to be able to hold his 
job. If he, with the co-operation of his boss, can not do these 
six things with a fair degree of certainty, and understand how 
he does them, he has something yet to strive for and an incentive 
to keep on studying and improving. 

The colors of the finished bricks from a given material are 
influenced by the hardness of the burn, by oxidizing and reduc- 
ing conditions of the kiln atmosphere during the latter part of 
the burn, after the brick have attained a high temperature; and, 
last, but by no means least, by the conditions and manner of the 
eooling. All these influences, particularly in the use of down- 
draft kilns, are subject, in a measure, to the control of the bur- 
ner; and the means of control seem worthy of discussion. 


PREVENTION OF REDUCTION 


This is of the utmost importance in the production of reds. 
In order to accomplish this prevention when necessary, and at 
the same time to burn economically, the burner must exercise 
continual vigilance and no little judgment and skill. 

A reducing atmosphere in a kiln is easily detected, when the 
kiln is hot, by looking into the ki!n chamber through a peep hole. 
If there is no reduction going on. one can see for some distance 
through the clear atmosphere of the kiln. If there is a straight 
peep hole clear through the kiln, he ean see clear through to the 
wall on the other side. If, on the other hand, the atmosphere of 
the kiln is strongly reducing, it will look hazy inside, so that one 
can not see far into it. Flame may be visible, or it may not, and 
smoke may or may not be visible, coming from the stack. If the 
burner feels that he is running close to the danger line, and is 
in doubt as to which side of it he is on, it is well for him to 
draw a trial from his highest trial hole and see what he has been 
doing to it. He can tell by the color of the exposed surfaces, 
whether he is getting injurious reduction. Under certain condi- 
tions, particularly at finishing heats a very little ‘‘smoking”’ will 
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spoil beyond reca.l the red color in the upper part of the kiln. 
At lower temperatures, it takes more reduction to do damage. 
While the bricks are still soft and porous, no care need be taken 
to avoid it. Just where the danger lines, both as to temperature 
and as to the dividing line between oxidation and reduction, are 
to be found, has to be determined by eareful observation. If a 
burner is firing with a view to coal economy, he will get some 
reduction, now and then, when he means to avoid it. By noting 
the effect at such times, he will learn how far the dare go with 
his kiln, and with his material. 

There are five rules which it is well to observe in preventing 
reduction in down-draft kilns. These apply particularly to 
kilns with inclined grates or with grateless furnaces: 

1. Do not let fires burn down too low before recharging. 
Otherwise, the heavy charge required for fil:ing up the furnace, 
has a tendency, once it gets to roasting, to throw a large volume 
of reducing gases into the kiln. 

2. Do not go to the other extreme and fire too often. One 
of the surest ways to get reduction is to break down charges of 
coal that have just got to roasting well and are filled with com- 
bustible gases that are ready to escape with a rush, the moment 
the mass is broken up. 

3. Do not burn with too low a draft. This should not be 
interpreted in an extreme sense, but a happy medium should be 
found. 

4. Give some air inlet over the fires, when necessary. 

5. Do not clean all fires in rapid succession. Skip every 
other one, the first time around and, if the kiln has a tendency 
to smoke, do not go too fast. This rule applies to firing as well 
as to cleaning fires. A burner can keep his kiln more nearly 
neutral without getting injurious reduction, if he will fire only 
every other furnace, as he goes around; and then, after these 
have burned clear for a time, go around the kiln again, firing 
the others. It is also good practice to leave fires tolerably open, 
over the fuel bed, while they are fresh and then partly close 
them after they have burned a little while. 
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MAINTAINING REDUCING CONDITION 


In producing colors other than red, one of the essential 
things is to have an effective period of reduction. To be effec- 
tive, it must take place at a high temperature. It may be of a 
few minutes duration, or it may be maintained for a number of 
hours, according to the effect that is intended. In producing 
large quantities of brick of the darkest shades, the problem in 
burning is to keep up a strongly reducing condition in the kiln 
for a number of hours. The ease with which this can be done, 
depends, to a great extent, on the coal. A free burning coal, 
high in volatile content, is the most satisfactory, though results 
can be obtained with high carbon coals where necessary. The 
burn is carried on in the ordinary way until near the finish. 
Then, starting with clean fires, the draft is cut down, almost as 
low as it can be cut and still operate at all. Then the fires are 
closed tight, or very nearly so, breaking down the oid fires and 
building up the new charge, in the case of doorless furnaces, 
until practically no air inlet remains. In a short time the kiln 
is in a stronely reducing condition, and this is evidenced by its 
being full of flame. Ordinariy, a considerable volume of black 
smoke issues from the stack, and usually the flue from the kiln 
to the stack, has a good stream of smoky flame passing through 
it. This flame gradually becomes less smoky. and shorter, and 
the smoke from the stack becomes less, until, after a period of 
thirty minutes to an hour, the evidences of reduction, including 
the hazy appearance in the kiln chamber, have almost disap- 
peared. This is taken as the indication that it is time to fire 
again. The fires are broken down, sometimes with the firing 
shovel and sometimes with a bar and then recharged as before. 
This sort of firing is kept up, with some variation, until the end 
of the reduction period. 

If the reduction is to be of several hours duration, it is 
necessary to make allowance for the progress of the kiln during 
that period, in determining when to commence the reduction. 
In making this allowance, the burner usually judges, from pre- 
vious experience, that the temperature in the top part of the 
kiln ean be held nearly constant during the reduction period, - 
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while the bottom will progress a good deal faster during reduc- 
tion than during clear firing. This is natural, as combustion is 
taking place extensively throughout the interior of the kiln and 
even down into the flues, while at the same time, the low draft 
tends to minimize the amount of co.d air that filters in through 
the leaks in the wall and doors of the kiln. Therefore, the burn- 
er may judge correctly, that a kiln which would require say 
twelve more hours of clear firing to finish the bottom, will re- 
quire only six hours of reducing firing to accomp:ish the same 
end. If it is his intention to reduce the whole kiln of brick 
strongly, he starts the reduction as soon as he judges that that 
sort of firing will finish the bottom, before it become ineffective 
by reason of the fires becoming too thick. If, on the other hand, 
the kiln is to be but shehtly reduced, the reduction is made to 
take place in whatever portion of the finishing stage of the kiln, » 
it has been found to have the desired effect. 

During the long reducing periods, observations as to the 
- progress of the ‘‘flashing’’ can be made by ec!earing the kiln for 
a short time and drawing trials. The kiln atmosphere is most 
easily cleared just before recharging, when the condition is 
becoming nearly neutral. An increased draft and slightly opened 
fires for a few minutes will then make trials and cones as well 
as the bricks in the setting, comparatively easy to see. Trials 
drawn in the early part of the reduction period are apt to show 
strong flashing in the upper part of the kiln, and little or none 
in the lower portion. The reduction is continued, for the dark- 
est burns, until the bottom tria’s show a good flash and are hard 
enough to insure a good bottom. 


In burning shales which have a tendency to go out of shape 
easily in burning, and with which it is necessary to exercise ex- 
traordinary care in order to get a good bottom without over- 
burning the kiln, the clearing of the kiln atmosphere at intervals 
enables the burner to see how the setting is standing up. He 
can judge not only by what he can see in the peep holes but also 
by looking down through the crown hole. Ordinarily, there is 
not much tendency for the brick to lean and go out of shape 
during the reduction, unless either too much draft is carried, or 
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the brick had commenced to lean before the reduction was 
started. In any case all the means of judging the condition of 
the kiln, including, pyrometer readings, taking of settle, obser- 
vation of cones and trials and looking over the setting itself to 
see how it is standing, are available during the reduction period. 
With a sensitive shale, careful observations are necessary in 
either an oxidizing or a reducing finish. There is somewhat less 
trouble likely to be experienced in getting a good bottom in the 
flashed kilns, than in red burns, for reasons previously men- 
tioned. } 

There is a limit to the length of time during which the re- 
duction can be effectively maintained, in ordinary practice, as 
the fue! bed has a tendency to thicken and finally becomes too 
thick to admit of keeping up the temperature. This is espec- 
ially true in burning sensitive shales. The draft is kept very 
low in order that the tight and somewhat heavy firing shall not 
raise the temperature unduly, and the fuel accumulates because 
it does not burn out rapidly. This can be control’ed to some 
extent by cutting down the frequency of the firing and the 
amount of the charge, at the expense of: the excess of reducing 
constituents in the kiln atmosphere. Furthermore, it is possible 
to keep up strongly reducing conditions with comparative lght 
and infrequent firing, by the use of coal tar or some other liquid 
fuel. A good method of introducing such a fuel is to allow it to 
trickle into the kiln in a thin stream from a container placed 
over an opening at the top of the kiln crown. A powder can 
with a nail hole in the bottom, serves. very well. It is a good 
precaution to have a wire, extending through the orifice and 
reaching over the top of the can, to enable the operator to keep 
the opening free, as there is a tendency for it to become clogged. 
The use of tar is effective in assisting the coal fires in keeping an 
excess of reducing gases in the kiln, and its use may be justi- 
fiable, particularly with short flame coals. Half a barrel of tar 
will serve over a period of several hours. However, it is some 
trouble to use it, and in some eases a serious dicoloration of a 
considerable number of the brick is attributable to it. Whether 
it is desirable to use it, under given conditions, can best be de- 
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termined by experiment. It offers a possible help to the burner, 
especia.ly where it is necessary to use short flame coal. 
According to the writer’s experience, from four to six hours 
of strong reduction is usually sufficient time to get a good flash 
to the bottom, if a kiln is behaving normally. On the other 
hand, it has been found possible, where tar is used, to prolong 
the reduction period up to twelve hours and longer. So long as 
the fires can be kept in such condition that they are effective, 
that is to say, capable of maintaining the temperature of the kiln, 
the bottom will continue to make progress, and a long reduction 
period tends to make an even kiln, in point of hardness of burn. 


COOLING 

When a darx, or ‘‘flashed’’ burn is finished, top, middle and 
bottom trials are all nearly biack, and their predominant color is 
green or bluish green. If the brick could be taken. out of the 
kiln, at that stage, and quickly chilled, as is done with the trials, 
the brick would be as dark as these finishing triais. In practice, 
the reverse is true. The cooling, in ordinary practice, takes 
place under more or less strongly oxidizing conditions. The ten- 
deney is for oxidation to take place rapidly while the brick are 
still at high temperatures and at a gradually lessening rate dur- 
ing the progress of the cooling, down almost to atmospheric tem- 
perature. This reoxidation, following the reduction, brings the 
eolor back, through various combinations, toward: the red, and 
the result is a kiln of brick of a variety of colors in all of which 
red, yellow, blue and green are intimately intermingled in var- 
ious proportions. The colors of the finished product are depend- 
ent to so great an extent upon the chemical changes which take 
place during the cooling, ta%t this process lays special claim to 
the burner’s study. The problems of the control of reoxidation 
are fully as important as those of the reduction period. If 
there were no reoxidation, strongly reduced kilns would turn out, 
as is indicated above, nearly black brick in which the colors 
would be a combination of green and blue, with the green pre- 
dominating. If it is desired to keep the brick as dark as possible, 
there are two, very different, lines of attack from which to choose. 
Either the kiln must be cooled in a non-oxidizing atmosphere, or 
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the cooling must be accomplished in as short a time as possible. 
So far as the writer is informed the only commercial attempts 
to cool rough texture brick by the former method have been 
along the line of sealing the kiln as tightly as possible at the 
conclusion of the burn, while the kiln atmosphere was still re- 
ducing. The writer is not sufficiently familiar with the results 
obtained in this way to make record of them here. Huis exper- 
ience in commercial practice has been entirely with cooling in an 
oxidizing atmosphere. Beautiful lines of shades are produced 
by this method; and it has two distinct advantages over the 
‘ former method. In the first place, it renders a portion or all of 
the waste heat available for drying. In the second place, it is a 
quick method and admits of getting the maximum output from 
the kilns. 

In cooling under oxidizing conditions, the colors are influ- 
enced, as would be expected, by the rate at which the cooling 
takes ‘place, the color changes taking place more rapidly and 
being more pronounced in the early part of the cooling, while 
the temperature is the highest. Very marked changes are made 
during the first few minutes of oxidation, and most of the re- 
oxidation that occurs is accomplished within the first few hours 
of the cooling. On the other hand, important changes in the 
co.ors continue to take place even after the temperature of the 
bricks has fallen below that of redness, so that, while the rate of 
cooling exerts by far the greatest influence at the highest tem- 
peratures, its effect in the latter stages should not be wholly 
overlooked. ) 

It is well to reeognize, in the beginning, the fact that a 
brick, located somewhere in the midst of the contents of a kiln 
and surrounded and influenced by say seventy-five thousand 
other bricks, is not. likely to be cooled very quickly, no matter 
what is done to the kiln. When the burner starts to practice 
rapid cooling, he may be surprised to find out that he can not 
control the rate as well as he supposed he could. Cooling on 
the fan without opening up doors and crown hole is too siow. 
If the kiln is put on the fan, and all the movable parts of the 
kiln shell, including wickets and crown hole covers are removed, 
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there will be a spectacular show of escaping heat; and the kiln 
will cool at a comparatively rapid rate. Even so, practically all 
of the brick in the kiln will remain incandescent for hours, and, 
as is readily observed, both during the cooling, and when the 
kiln is being emptied, the great interior portion of the setting 
will cool much more slowly than the outer portion, nearest the 
wall and crown, where the brick are more exposed to the cold 
air which enters the kiln. If the kiln is given a back draft, by 
admitting air through the underground flues, and sufficient exits 
are provided in the crown and upper part of the doors to corres- 
pond to this inlet, the cooling will be more positively directed 
and the kiln will cool more uniformly. In any ease, there will 
be considerable reoxidation in practically all the brick. How- 
ever, these methods do produce comparatively dark shades of 
flashed brick, and they may be capable of development and im- 
provement along practical lines. The rate of cooling depends 
to some extent on the construction of the kiln. Large doors, 
large crown openings and ample flue capacity have an influence, 
and types of furnaces which can be made to afford large air 
openings as soon as the burn is completed, are of assistance. 
Quenching the fire with water is practiced. and at least one 
manufacturer is trying a kiln with four doors, all of which are 
opened at once, by tearing down the wickets, as soon as the burn 
is finished. 


These methods of cooling have little apparent effect on the 
strength of the brick or on the kilns. They are, however, waste- 
ful of the heat, as a large portion of it escapes even if the kiln 
is put on the fan as soon as the cooling is commenced. If 
wholly satisfactory results are to be obtained in producing the 
very dark shades, it would seem necessary to build special kilns 
for the purpose. Small kilns, with large waste heat connections 
and kiln flues should give the desired results in color without a 
great sacrifice in economy... The number of such kilns bui‘t on 
a yard could be governed by the quantities of very dark brick, 
that it was considered desirable to produce. 

While the means of control at the burner’s command are 
limited and imperfect in their operation, yet it is worth the most 
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careful study, to be able to use them to the best advantage, and 
to facilitate such study, some crude directions may be given. 


BURNING KILNS OF REDS 


This, in a way, is the simplest task of all. All one has to 
do, is to burn a good kiln of brick without producing a reducing 
atmosphere in the kiln, at any time after the bricks have com- 
menced to harden. In other words, keep the kiln clear all the 
time, during the latter part of the burn, after the pore spaces 
of the bricks have commenced to close up. If this is done, with 
a red burning material the brighest, c’earest reds which the 
material is capable of producing, in that kind of a kiln, should 
be produced. This is comparatively easy in continuous kilns, 
because, In ordinary practice, there is always a large air excess 
in the burning zone. With up-draft kilns, so far as the writer’s 
experience goes, there is not likely to be any long continued re- 
duction, if any at all, and the natural tendency is to burn clear 
reds. On the other hand, reds produced in up-draft kilns are 
not necessarily the same, es those burned from the same material 
in down-draft kilns. A case in point is one where shale brick 
were burned in both up and down-draft kilns on the same yard. 
Good reds, from a common brick standpoint, were regularly 
burned in the up-draft kilns. They would even pass for face 
brick reds, yet they did not compare well with brick made from 
the same shale and burned in the down-draft kilns, nor would 
they shade up with them. 


BURNING MODIFIED REDS 


Almost any burner will get some flashed reds in spite of 
himself and eall them off-shades. But some of them may be good 
shades, and it is well to reproduce them on purpose. They can 
be burned, in kilns of brick set on the flat, so that the faces are 
exposed, by giving the kiln a period of reduction, or a series of 
such periods, near the finish of the burn, following it with a per- 
iod of oxidation before the cooling is commenced. The resulting 
colors are affected by at least four influences, all of which are 
subject to the burner’s direction: 
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1. The stage of the burn at which the reduction takes place. 

2. The length of time during which the reduction continues. 

3. The time during which the kiln is allowed to burn clear 
after the reduction. 

4. The cooling. 

Good flashed reds, including dark and light browns with an 
undertone of red, can be produced by giving the kiln one or more 
periods of moderately strong reduction, just before the finish of 
the burn, followed by the oxidation incident to letting the fires 
burn low and then cooling moderately fast. From fifteen to 
thirty minutes of reduction give considerable flash. Finishing 
the kiln on a low draft, and firing so that there is a short period 
of reduction, whi'e fires are fresh, is a method worth trying out, 
and there are other practical variations. 

The kiln ean be cooled, on the fan alone, or on the fan with 
openings made at wickets or crown hole, either in the early part 
of the cooling or after any number of hours. 

In order to attain proficiency in producing good shades and 
in reproducing them, it is necessary to keep records of both cool- 
ing and burning. These should include the firing record, or a 
statement of just what was done, and how, and at what time. 
At the critical stages. especially just before and after reduction, 
trials should be taken, and these should be tagged and kept for 
reference. Time-temperature records of cooling would be help- 
ful and should be kept, if a pyrometer is available. Careful 
records are of more importance in the production of the more 
delicate, only moderately flashed colors than in either the reds 
or the very dark brick. This field is most promising and attrac- 
tive and has not received general attention. 


BURNING WHOLE KILNS THAT WILL MAKE GOOD RUN 
OF KILN FOR MINGLED SHADES 


There are three distinct types of setting that can be used 
for this purpose, and each type gives its own sort of run of kiln 
with a given burn: 

1. Setting a!l brick on edge, either faced or not. 

2. Setting all brick on the flat, with all faces exposed. 


190 BURNING OF ROUGH TEXTURE SHALE BRICK 


3. Setting the brick in the upper portion of the kiln on 
the flat and the lower courses on edge, faced. 

Setting All on Edge. With shales that do not require sand- 
ing to prevent sticking in the kiln, this method of setting gives 
cvood results. If the reduction is not carried too far, that 1s, 
kept up strongly for too long a time, the upper courses will be 
well flashed, and good dark shades over the entire face of the 
brick; the brick lower in the kiln will have red centers and 
flashed borders and the bricks in the bottom will be good reds, 
though perhaps modified, to some extent, especially at the bor- 
ders of the faces. This sort of a kiln makes a good effect in a 
run of kiln job. If the kiln is reduced for a longer period, the 
proportion of all dark faces will naturally be greater; there wiil 
be a good proportion of faces with red centers and dark borders, 
and a small proportion, or perhaps none at all, of all red faces. 
The latter sort of kiln gives a good mingled shades output and 
of course makes a darker job than the former sort. 

With brick which require sanding, this is not such good 
setting practice, as the sand will stick in the rough faces to some 
extent and detract from their appearance. Brick in which the 
texture has high relief, or in other words, brick of very rough 
texture, do not retain the original texture when set in this way, 
as the breakage of the high points and ridges as well as the flat- 
tening down under pressure, at high temperatures, leaves them 
comparatively smooth after burning. 

Setting all Brick on the Flat, with Faces Exposed. It is 
evident, that a kiln set in this way will have practically no faces 
with red centers and dark borders. Unless the period, or per- 
1ods, of reduction be short, there will be few, if any, good clear 
reds in the burn. 

One objection to this method of setting is that there is more 
tendency for breakage in rough texture brick set on the flat than 
set on edge, and particularly in the lower part of the kiln. Tak- 
ing everything into consideration, this method of setting is hard- 
ly to be recommended, except for brick whose texture would be 
impaired by setting on edge. 
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Setting the Lower Part of the Kiln on Edge and the 
Upper Part on the Flat. By this method of setting, a large 
proportion of all-flashed, dark faces can be obtained and a rela- 
tively small proportion of red centers and all reds. It can be 
used, at least in some cases, with brick that have a tendency to 
stick unless sanded, because there is less of this tendency in the 
lower part of the kiln, where the burn is not so hard. It has the 
advantage of minimizing the breakage in the lower part of the 
kiln, and it can give a good combination of run of kiln colors. 

With many of these methods of setting, combinations of 
colors made by the run of kin, depend on the burning and cool- 
ing factors indicated under modified reds. If the period of re- 
duction is short and is followed by oxidation at high tempera- 
tures, the range should be from dark browns to reds, with inter- 
mediate shades of reddish browns and brownish reds, or of red 
‘centers and flashed borders, according to the method of setting. 
Longer reduction and less oxidation at high temperature follow- 
ing it, tend to darken the average of the kiln. The darkest kilns 
are to be produced by a long period of strong reduction, fol- 
lowed by rapid cooling. Forced cooling is commenced while re- 
duction is still going on, so as to admit of as little oxidation at 
high temperatures as possible. 


BURNING WHOLE KILNS OF DARK BRICK, REASONABLY 
UNIFORM 


The greatest uniformity is obtained with brick set on the 
flat. A long period of strong reduction is followed immediately 
by rapid up-draft cooling, which was referred to in the discus- 
sion of cooling. With ordinary down-draft kilns, of moderate 
or large size, the cold air, entering through the flues in the bot- 
tom of the kiln and passing up through the setting by natural 
draft, cools the kiln more nearly uniformly, than when admitted 
otherwise, whether allowed to escape naturally, through open- 
‘ings provided, or drawn out by stack or fan. With this sort of 
eooling, the greater part of the darkest brick should be in the 
very bottom courses, and a very large part of the kiln should be 
nearly uniform. 
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OBTAINING HIGH YIELDS OF VERY DARK BRICK 


The kiln is reduced strongly for several hours, at the finish 
of the (burn, and a strong flash secured throughout the kiln. 
When this is accomplished, and the burning is to be stopped, 
preparations are made for starting cooling as suddenly as pos- 
sible. Beginning at a time when the kiln atmosphere is in a 
reducing condition, everything that can be opened to let out 
hot air and let in cold is opened. This includes furnaces, doors, 
erown holes and stack flue. As soon as danger from sulphur can 
be eliminated by quenching fires, the fan is put on. Special 
-care is exercised that this forced cooling is started during active 
reduction, and that not even a few minutes of neutral or oxidiz- 
ing burning shall take place immediately preceding the cooling. 


The brick in the top and around the outer portion of the 
kiln, being cooled most rapidly, by air entering at the sides, 
through doors and furnaces, are darkest. The brick in the cen- 
tral part of the kiln are relatively protected and have more of 
the red and yel'ow in their color. With some materials, the 
colors obtained in the central portion of the kiln are less desir- 
able, than those resulting from cooling up-draft, with the air 
entering from the bottom flues. 


BURNING FOR A LARGE PROPORTION OF RED CENTER 
AND DARK BORDER BRICK 


In the nature of the case, brick are set on edge, faced, for 
this kind of a burn. Flashing should not be commenced until 
the kiln is ready to finish and shou!d not be kept up too long. 
Special trials may be used in the first burns to determine the 
extent to which the flashing penetrates between the faces, and 
to judge when the reduction has been kept up long enough. The 
method of cooling should be governed by the sort of kiln that is 
desired, with reference to the flashed borders. 


TRAINING BURNERS 


In the writer’s judgment, more than half of the problem of 
accomplishing good burning consists of training burners for 
their work. If a man is intel.igent enough to make a good © 


BURNING OF ROUGH TEXTURE SHALE BRICK 193 


burner, he is intelligent enough to make observations in cause 
and effect. Very likely he does not know how to go about mak- 
ing these observations systematically. He may not know what 
to look for, and when and where to find it. He may not be able, 
without assistance, to analyze his observations and draw correct 
conclusions; but if one will study these things with him, re- 
peatedly, patiently and sympathetically, he will, if he is the 
right sort of man for his job, gradually come to take an interest 
in the things that he should make a study of, and to take a 
pride and satisfaction in what he is able to accomplish. Then he 
will become a better burner, because of his improved powers of 
observation and his better understanding of his problems, and 
also on account of the chastening effect of realizing that there 
are things that he ought to know and would like to know, about 
his own work, which he has not yet been able to learn. 

It is not necessary to confuse burners with technical terms. 
There are plenty of ordinary words that will answer all pur- 
poses. It matters little if men call a reducing atmosphere, a 
flame, or if they say a trial or brick is smoked, when it has been 
flashed. These simple, non-technical words can be used intelli- 
gently, and the main thing is to take pains always to apply the 
same word to the same thing, so that there is no question as to 
its meaning, so far as the matter in hand is concerned and less 
chance for talking at cross purposes. If the men are encouraged 
in it, they will have many suggestions to make and many theories 
to advance. All these should be taken seriously, whether reason- 
able or not. Sympathy and appreciation travel a long distance 
in the making of a man’s attitude. 


DATA ON THE EFFECT OF VARYING COMPRESSION 
LOADS APPLIED TO CLAY IN THE PLASTIC 
CONDITION 


BY CULLEN W. PARMELEE 


As the result of experiments by Dr. Seger,’ he concluded 
that, ‘‘The increase of density caused ‘by repressing (clay) in the 
leather hard condition is rather small compared with the wet 
moided clay, as is to be expected for theoretical reasons.’’ This 
opinion is not shared, apparently, by more recent contributors 
to technical literature as shown in the following references: In 
the Report of the New Jersey Geological Survey on the Clay In- 
dustry, Volume VI, page 260, we find the statement that, ‘‘ Re- 
pressing increases the density (of brick) and therefore decreases 
the absorption.’’ On. page 459 of Volume XI of Missouri Geo- 
lagical Survey on Clay Deposits we read, ‘‘Repressed brick are 
somewhat denser and usually slightly stronger than unrepress- 
ed.’’ In Volume XIV. of the Geological Survey of fowa, page 
206, we read that the purpose of repressing is to produce a 
denser and stronger brick. On page 207, it is stated that, 
‘“Where the ibrick fits the mold perfectly tight, and therefore no 
flow can occur when pressure is applied, it is seen that practically 
no change in structure can be brought about only a change in 
compactness of the brick.’’ 

In view of the divergent opinions ‘held by Seger and others 
cited, it seemed worth while to give a little time to the study of 
the matter. Seger’s observations were limited to a half dozen 
experiments, at least in so far as has been published, and the 
repressing was done by tapping the clay in the mold with a ham- 
mer. We have undertaken to record the results obtained by ap- 
plying loads of varying magnitudes which could be exactly ad- 
justed and measured. The clay trials were in the plastic condi- 
tion, as the bar would issue from an auger machine ready to be 
eut into brick and repressed. 

The clay used was of a buff burning sort, having a good 
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plasticity and remaining still absorbent when burned to cone 11. 
After pulverizing to a coarse powder, adding a suitable quantity 
of water and thoroughly wedging the mass until uniformly plas- 
tic, it was stored in a damp place over night to allow the mass 
to become of a uniform condition. From the mass, trial pieces 
were prepared having nearly the same diameter as the die which 
was used and a height of about 2.5 ¢.m. 

The trial pieces were now ready for compression, and for 
this purpose there was at hand a die consisting of an iron block 
bored through with a cylindrical hole 15 ¢e.m. long and 5.3 ¢.m. in 
diameter. Fitting this hole snugly was a piston longer than the 
bore of the die and in addition, it was found necessary to pro- 
vide a tightly fitting plug for the bottom of the die. Between 
the bottom plug and the piston were placed the trial pieces. The 
die with its load was placed upon the bed plate of a 100,000 
pound Riehle compression machine. When the pressure exceed- 
ed 10,000 pounds, water began to appear about the plug at the 
base of the die, and at 15,000 pounds clay exuded. 

After drying, the trial pieces were burned at cone 614 in a 
coal-fired laboratory kiln, the duration of the burn being ap- 
proximately twenty hours. 

The drying shrinkages of the pieces did not appear to be 
affected in any way by the compression, and the same was true 
of the burning shrinkages. 

The measure of the change of density, 1. e., compactness, is 
the change in the porosities of the trial pieces as affected by the 
varying compression loads, to which they had been subjected. 
We have three porosities to consider, namely, that of the open 
pores or ‘‘apparent porosity ;’’ that due to the pores which are 
sealed, and finally the total porosity which is the sum of the 
other two. The ‘‘apparent porosity’’ was calculated according 
to the following formula: 


Soaked weight—dry weight (percent open pores 


Soaked weight—immersed weight (or apparent porosity. 


The volume of the whole piece less the volume of the solid equals 
total pore volume. Total pore volume less volume of open pores 
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equals volume of sealed pores. The volume of the solid was de- 
termined from the true specific gravity which, in turn, was ob- 
tained from a portion of the sample powdered to pass a 100 
mesh sieve. A good laboratory balance was used for all the 
weighings, and the powder was boiled in a pyenometer under re- 
duced pressure. The pore volumes in the accompanying table 
are calculated in terms of the volumes of the solid. 


TABLE | 
POUNDS 
PRESSURE MOISTURE APPARENT TOTAL OPEN SEALED 
ON THE |. CONTENT Porosity? POROSITY? PORES? PORES? 
WHOLE PERCENT PERCENT PERCENT PERCENT PERCENT 
SURFACE 
Molded 18.40 20.47 d Baloo 27.29 6.06 
by 18.20 19.54 Son ke 25.95 6.84 
hand 18.20 19.88 32.32 26.31 ne 604 
2,000 Let0 19.86 32.06 26.23 5283 
2,000 17.00 20.67 32.94 27.49 5.45 
4,000 20.20 20.94 ok to 27.60 4.15 
4,000 1 330 20.88 ree RE 27.88 ara 
6,000 16.90 21.24 re BAe 27.99 ery O's 
6,000 17.40 20.58 31.41 2heOD 4.37 
8,000 17.00 20.73 32.10 Aimee 4.72 
8,000 17.40 20.29 30.96 20207, 4.39 
10,000 16.50 20.28 Sonat 26.83 5.44 
10,000 16.00 20.61 28.71 20:03 2.18 
12,000 16.90 20.84 29.90 27.08 2.82 
12,000 16.90 20.45 32.05 27.00 5.05 
15,000 17.20 20.46 31.40 26.82 4.85 
15,000 Li 4 20.92 30.24 28.02 2.22 
20,000 16.80 20.76 31.60 27 .32 4.28 
20,000 T7550 PA Re oY 30.05 28.30 g gs 
30,000 16.40 19.85 33.29 26.53 6.76 
30,000 16.90 20.71 32.13 Oteot 4.76 
40,000 15.20 20.07 30.04 26.10 204 
50,000 15.60 21.44 Bas00 28.58 4.82 


1 Calculated in terms of whole volume. 
2 Calculated in terms of volume of the solid. 
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From the data thus gathered, it is quite evident that com- 
pression of this clay in a plastic state in a die has little if any 
effect upon the density, 1. e., compactness of the material, and 
certainly there is no relationship between the magnitude of the 
compression load and the porosities. The variations in the vol- 
umes of the pores is probably attributable entirely to lack of 
perfect homogeneity in preparing the plastic mass. These re- 
sults are in accord with Seger’s views, and as he says, may be 
expected from theoretical considerations. That is to say, the 
water in the mass is practically incompressible, and also we may 
believe the same is true of the particles constituting the clay 
mass. The practical application of this investigation is the im- 
portant point, that in the repressing of brick, any pressure used 
in excess of that actually required to cause the clay mass to fill 
the die, is wasted energy. The repressing of brick is useful in 
enabling us to make brick with smooth faces and sharp edges, 
and for the imprinting of trade names or other devices. In ad- 
dition to these, the Committee on Technical Investigation of the 
National Brick Manufacturers’ Association? some years ago re- 
ported that repressing may be used to ‘‘cause a radical breaking 
up of an auger machine structure and the production of a new 
and characteristic structure due to repressing.’’ Possibly re- 
pressing, by creating a new structure, may give a greater den- 
sity due to the removal of air blebs, or ‘better welding together 
of laminations, yet this apparent increase in compactness, if any, 
is not properly attributable to a compression of the clay mass. 
A better remedy in such a case would be the correction of errors 
in auger or die construction. In this connection it is well to note 
the statement made by Bleininger® that repressing has the ten- 
deney to lower the crushing strength which is in accord with 
Bourry* who says ‘‘under the influence of pressure, the mole- 
cules of the body are put out of place and to a certain extent 
pressed together; but as the plasticity of them is very weak, they 
blend very badly together and cracks are left in the goods, as 
well as smooth parts, which lessen the resistance to breaking.’’ 


2 Towa Geol. Survey, Vol. XIV, 209. 
3 Trans. Amer. Cer. Soc., Vol. XII, 582. 
* Treatise on the Ceramic Industries, First Ed., Rex, p. 475. 
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DISCUSSION 


Mr. Lovejoy: I take it, Prof. Parmelee, that the conclusion 
you have reached, is that there is neither advantage nor disad- 
vantage in repressing. 

Prof. Parmelee: That seems to be the case, in so far as the 
porosity of the piece is concerned. There is possibly an advan- - 
tage in repressing, as thereby the structure of the brick may be 
altered. This has been noted by others, especially by the com- 
mittee which some years ago undertook to study the effect of 
repressing upon the structure of paving brick. There may also 
be an advantage, in so far as the repressing affects the form and 
appearance of the brick. The density, however, seems to be un- 
affected by repressing. 

Mr, Lovejoy: I wish to bring out that point. The general 
opinion is that it is an advantage to repress brick, but in ordi- 
nary brick repressing there is no compression, the clay mass is 
simply spread out to fill the mold, and lamination planes are 
frequently opened by the movement. 2 

Prof. Parmelee: The statement has appeared in print that 
a pressure as great as forty-five thousand pounds may be applied 
by a repress to a brick. According to the results of our investi- 
gation, the application of a pressore of such magnitude to a body 
in a plastic condition is largely a waste of energy. 

Mr. Gurner: Mr. Lovejoy, you stated that there is no de- 
cided advantage in represing brick. Did I understand you to 
make that statement? 

Mr. Lovejoy: We believe there is no advantage but on the 
contrary a disadvantage. ; 

Mr. Gurner: Was it not the opinion formerly that it took 
out the air bubbles which did not reappear. 

Mr. Lovejoy: I think that the purpose is to increase the 
density and shape up the product. 

Mr. Gurner: 'The reason that I asked was, that in some 
kinds of tile they repress to get rid of air. I do not know wheth- 
er in the test that Mr. Parmelee conducted any attention was 
paid that. I should like to know whether it was or not. 

Prof. Parmelee: We were studying a plastic body contain- 
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ing 16 to 17 percent of water, while you probably are referring 
to a dust body. 

_ Mr, Patterson: Professor Parmelee’s experiments to de- 
termine the effect of pressure upon the density of fire clay or 
shale products are of great interest to the manufacturers of vit- 
rified paving blocks, as bearing upon the question of repressing 
the paving blocks in order to improve their quality. There are 
those who contend that the repressing is not only of no advan- 
tage but a positive injury to the blocks; that the repressing to 
some extent destroys the original bond, and that the pressure of 
the repress is usually less than the pressure of the brick ma- 
chine; that the column as it comes from the brick machine has 
greater density than is possessed by the repressed block as it 
comes from the repress. Some.manufacturers contend that the 
wire-cut block, not repressed, will stand a better rattler test than 
the same block repressed. 

We can readily see from the results obtained from Prof. 
Parmelee that after a certain amount of pressure has been ap- 
plied, and a dense body obtained, that additional pressure would 
produce little or no change in density. We are unable to state 
from our experience whether there is any difference in density of 
the clay bar as it comes from our brick machine, and the re- 
pressed blocks made from the same column as they are taken 
from the repress. 

We have, however, made a number of experiments in order 
to determine the abrasive qualities of these two products of the 
paving block manufacturer, viz., the wire-cut block and the re- 
pressed block. We speak for our own material only. We use 
a fire clay which burns to a light buff. We entered the paving 
brick business in order to make money. We are desirous of mak- 
ing the wire-cut block, as we could dispense with the repressing 
and thereby lower the cost of production. From the column of 
clay as it proceeded from the brick machine, a number of brick 
were cut by the wire cutter. Some of these were placed in the 
dry car without being repressed, and others were repressed and 
placed on the same dry car. The two kinds of blocks were care- 
fully kept together in the drying tunnels, in the kiln, and taken 
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from the kiln to the rattler room, where they were carefully 
tested for abrasion in the standard rattler, as devised by Orton 
and Blair. Spherical shot were used, weighing three hundred 
pounds to a charge, and the rattler revolved 1800 revolutions for 
one hour, the time of rattling the blocks for one test. We made 
a number of such tests at different times, and up to this time we 
find the repressed block made from our material stands a better 
rattler test than the wire-cut block of the same material. Wire- 
eut blocks have sharp edges, and repressed blocks have curved 
edges. No doubt the curves would save the repressed blocks in 
the rattler, and there would be a greater loss in the rattler in 
the case of the wire-cut blocks, by reason of the sharp edges. 
Whether the sharp edges in the one case and the rounded edges 
in the other made the difference.in the percentage of loss in the 
rattler we are unable to say; but in order to keep ourselves from 
going into bankruptcy, we found it necessary to continue making 
repressed _ blocks. 

Mr. Doe: We made two tests to determine the effect 
of repression on absorption. In the brick from the rattler, there 
seemed to be no difference in absorption between the repressed 
and the wire-cut, but in the brick as it came from the kiln, we 
found that the repressed absorbed a little less than the wire-cut. 


THE EFFECT OF THE ADDITION OF LIME AND 
SILICA TO A SHALE! 


BY PAUL TEETOR 


The data presented in this paper is the result of a piece of 
work which was carried on to develop a short method, suited to 
the needs of the ceramic laboratory of the Kansas State Geologi- 
cal Survey, of determining whether or not some of the large de- 
posits of shales and clays of an inferior nature in Kansas can be 
sufficiently improved to warrant their use for the manufacture 
of clay products such as paving brick. 

The two shales used in this experiment, No. 110 and No. 
154, are being utilized for the manufacture of paving block. 
Shale No. 110 is being used commercially just as it occurs in the 
shale bank and produces a good grade of paving block. Its plas- 
ticity is a little lower than that of the average paving brick 
shale, and when burned to produce a brick of minimum rattler 
loss, 1t still has a rather high porosity, a porosity of nine percent. 
The rattler losses of the product made from this shale vary quite 
a bit, and it was thought that this experiment might reveal a 
mixture which would produce more uniform rattler losses, 

In order to study the effect of adding lime and silica to 
shale No. 110 the following mixtures were used: 

Shale alone — 

Shale plus 1 percent calcium carbonate 
Shale plus 2 percent calcium carbonate 
Shale plus 3 percent calcium carbonate 
Shale plus 1 percent flint 

Shale plus 3 percent flint 

Shale plus 5 percent flint 


These mixtures were thoroughly mixed in the dry state, and 
tempered with water in the wet pan. The wet clay was then bat- 
ted out to a slab of uniform thickness between two guides, and 
this slab cut into test pieces 314 inches in diameter and 15% 
inches thick. These test pieces were dried and burned to cone 4 


1 By permission of the Director of the State Geological Survey of Kansas. 
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down in 70 hours. After shutting off the gas, the kiln was sealed 
and allowed to cool; the time required for cooling was 3144 days. 

A portion of these test pieces were reserved for porosity and 
specific gravity determinations, and the remainder were used for 
the rattler test. 

After a little preliminary experimenting with the various 
laboratory rattlers available, the following was decided upon: 
To use the new rattler as specified by the N. B. M. A., the 
abrasive charge was 225 pounds of the small shot (1% in. in di- 
ameter). The charge of. test pieces was ten in number with a 
total weight of approximately 814 pounds, number of revolutions 
per minute of rattler was 30 and the duration of the test, 30 min- 
utes. 

In order to determine the effect of over-firing on these mix- 
tures, another set of test pieces were burned to cone 7 down. 
The same precautions were taken during cooling as in the cone 
4 burn and the rattler test made as before. The numerical data 
obtained from the rattler tests is recorded in table No. 1 and is 
shown graphically in Fig. 1. 


TABLE I—SHALE No. 110 


CONE 4 BURN CONE 7 BURN 
He ace POROSITY Seer e PORodiAY. 
PERCENT ie ee PERCENT EEE 


Sit lemalOlres ak monte ocd vlraa 8.84 8, 72 0.99 
Shale+1 percent CaCO; 8.55 7.59 8.68 0.16 
Shale+2 percent CaCO, -* 5. To15 SUT 9.52 0.24 
Shale+3 percent CaCO; ... 9.52 8.81 10°77 0.70 
Shale+1 percent flint ...... 8.88 8.04 9.23 0.94 
Shale+3 percent flint 8.70 SL064 1 Sus 0.75 
i 7 0 


Shale+5 percent flint ...... 76 42 8.89 93 


A eareful inspection of the curves shown in Fig. 1 seems to 
indicate that the addition of calcium carbonate to this shale does 
not decrease the porosity. The toughness of the burned product 
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is reduced by the addition of calcium carbonate a .dicated by 
the increase in the rattler test. 

The addition of silica to this shale has no effect upon the 
toughness as measured by the rattler test. 

Composition of shale No. 110: 


PHOS LA a eS oe ree 67.66 
ALLOW or 3 RE eee ee 14.33 
He,Og - fo. es ec 2a 
CaO 0 oe eee 0.70 
MeO"), a... 4 fae See Oe ee le Ot 
KO} Coa Sg oe eee 0.76 
Na,Q 24 ae ee ee ee 1.84 
Tonition oi: cai oe eee eee ).20 
Moisture 08 Se eee ee eee ee Tel 


The porosity-temperature curve of shale No. 110 is shown in 
Fig. 2. This shale has a drying shrinkage of 4.95 percent and a 
burning shrinkage of 5.5 percent at cone 3. The porosity of 
commercial paving bricks made from this shale have been found 
to vary between 9 and 15 percent. 


The other shale, No. 154, used in this experiment is of an 
entirely different nature. It has greater plasticity, with a slight 
tendeney to warp, its drying shrinkage is 5.7 percent and its 
burning shrinkage is 8.71 percent at cone 2. The porosity-tem- 
perature curve as shown in Fig. 2 shows that the porosity de- 
creases very rapidly ‘between cone 08 and 02, then remains fairly 
constant until cone 5, when it begins to increase again. 

The true specific gravity of this shale when burned at differ- 
ent temperatures is shown in Fig. 2. The specific gravity was 
determined by the pycnometer method. 

The experimental work with shale No. 154 was restricted to 
the addition of silica, which was added in two forms, the coarse 
sand and the finely ground potters flint. The mixtures used were 
as follows: 

Shale alone 
Shale plus 2 percent sand 
Shale plus 2 percent flint 


205 


ADDITION OF LIME AND SILICA TO A SHALE 


FIG.L. 











fs 
ae 
a 
as 
= 
BX 





aes 
[ 
cel 
Ua 
BS 
Pes 
Le 


: 
ams ae Py 








NEEEEEEH 
++ 


be 


BL 
pee! 
eae 











CHEN pee nS 
UIGOAGHf fUBROdA py {UA2AS 


206 ADDITION OF LIME AND SILICA TO A SHALE 


Shale plus 7 percent sand 
Shale plus 7 percent flint 
Shale plus 14 percent sand 
Shale plus 14 percent flint 
Test pieces for this lot were prepared just the same as for 
shale 110. The first lot was burned to cone 2, and the same pre- 
cautions were taken during cooling as before. The rate of rais- 
ing the temperature of the kiln after oxidation was completed 
was 20°C. per hour. 
A second lot of test pieces from these mixtures were burned 
to cone 7 down, to determine the effect of over-firing. 


TABLE II—SHALE No. 154 





CONE 2 BURN CONE 7 BURN 

Cosa eae ee eee 

PERCENT PERCENT 
Stale: see weenie arene 10.45 0.29 13.32 0.30 
Shale-+-. 2 percent-sand™= o. 1 11808 0.28 12.50 1.38 
Shale+ 2 percentflint” ..2.2 10.42 0.55 14.50 0.06 
Shale+ 7 percent sand .... 8.52 1.60 15.67 1.30 
Shale+ 7 percent flint ..... 8.16 0.47 9.63 0.03 
Shale+14 percent sand .... 8.51 ants 15547 1.09 
Shale+14 percent flint ..... 7226 [ai 9.27 0.06 





The chemical analysis of the sample of shale used in this 
experiment could not be completed in time for incorporation in 
this paper. The shale bank is made up of two layers, and the 
composition of these two layers as determined in the chemical 
laboratories of the University of Kansas is as follows: 


UPPER LAYER LOWER LAYER 
SiOyo ks. Wah eee eee ee eee eee 61.02 Olen 
AIsOs. adds 6 cok ce ae ee ee 15.38 14.64 
BesOe “ido be ee ee ee eee 9.12 14.84 
MeO Sir eee 134 1.44 
Ga Qk By SUS ee eee 0.48 0.49 
K3O-+-Naz@) wucn igre, eee eee 257 4.96 
Tenition. .. cece eee 6.69 6.43 
Moisturé: soe seca ee eee x 2.40 5.61 
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An examination of the curves shown in Fig. 3 shows that the 
addition of silica to this shale is beneficial and advisable, in as 
much as it produces a material decrease in the rattler losses. 
This fact is also born out in practice; bricks made from the shale 
itself have a rattler loss of 22 to 23 percent, while the sand-shale 
mixture rattles in the neighborhood of 18 percent. It also ap- 
pears that for this shale the fineness of grain of the added silica 
does not play a very important part in case of a normal burn, 
although in this case the fine grained silica produces slightly 
lower rattler losses. In the case of an overburn the fineness of 
grain of the added silica plays a more important part, with the 
addition of sand the rattler loss was increased, while in the case 
of the flint the rattler loss was reduced. 


DISCUSSION 


Mr. Blair: I should lke to ask on what rattler charges 
these conclusions were based. For instance, were the rattler 
charges the same for the same character of sample? 

Mr. Teetor: The rattler charges were the same throughout 
the experiment, the only variation being a slight difference in 
the total weight of the ten test pieces, which were rattled; this 
difference in no case exceeded but a few ounces. 


SOME COBALT-URANIUM COLORS 


BY B. 8S. RADCLIFFE 


There are four coloring oxides, namely, copper, chromium, 
nickel and iron, which under proper conditions produce green 
colors in bodies and glazes. In physical mixtures, we are able to 
produce greens by blending blue and yellow. 

The object of this investigation was to determine whether 
green could be produced by blending cobalt-blue and uranium- 
yellow. 

Series A was made up as follows: 


TABLE I—SERIES A 


A, A, A, A, A; 
WO Ramone ase fee «3 1.0 0.9 0.8 ee 0.6 
Na2U207 6 HO ce... .. 50.0 50.0 50.0 50.0 50.0 
PCOS Eki apere ow ilio. 5 | VA OO 40.0 40.0 40.0 40.0 
AUN CES Ce RO. orca as a 25.0 25.0 25.0 25.0 25.0 








The stains were thoroughly mixed, calcined to cone 5, ground 
to pass a 200. mesh screen and added to a mat glaze having the 
formula, 

0.1 K,O 
0.2 CaO O20: ALO, 1.36. S10, 
0.7 PbO 


The glaze was then burned to cone 05. The result was a yellow- 
ish green glaze with blue specks. This was due to the fact that 
the cobalt was not thoroughly disseminated. 


A blue stain 


OO ee Re ee see rhe aoe 10 
SO ee aia eins aes tee 45 
LLG OS ella! OS pet oo pik AE Se 45 


was then made, calcined to cone 7, and ground to pass a 200 
mesh sereen. 
Three frits were made using the mat glaze as before. 
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TABLE II—SERIES B 

B, By B, 
Heldspaterc ie Sane 176 L756 17.6 
CaGOn nen Je prnienn,. te Go3 Ges 6.3 
Ried leads acca. eckson DOSO 50.5 0075 
Ene cniian clay wn .o eee 1150 10 41:50 
‘enn pauleciay ete see 10.0 10.0 10.0 
Hiltntves. ct OU ae 4.6 4.6 4.6 
Bideristaine isch eee 10.0 10.0 10.0 
NazU2O; 6 HsO spetetnouel oiterelts 25.0 Som) 45.0 


When applied as glazes, B1 gave an olive green, B2 and 
B38 rich chocolate browns. These results indicate that the ratio 
of uranium to cobalt is too high. 


The next step tried was to use the nitrates of cobalt and 
uranium, by fritting in the mat glaze. 


TABLE III—SERIES C 
C, Cy Cs 
Heldspatre fee ee LEG 26 0 
CaCO kiod ona. save tae 6.3 6.3 6.3 
Red elead se accesen ort 50.5 50.5 50.5 
Png. chinanclay = seat. 11.0 11.0 11.0 
enn: balltclayaen ase 10.0 10.0 10.0 
Bint ts. teres 4.6 4.6 4.6 
Cobalt nitrate: ck ae 3.5 aD S05 
Uitannime uitrates eee 10.0 12.0 15.0 


The frits were ground, and a series of glazes made by blend- 
ing with the original mat glaze. 

Bright glazes were made by adding 20 parts of flint to the 
frits of this series. 

The mat glazes were olive green, C, having a bluish shade. 

Of the bright glazes C, was deep green in color, and C, and 
C, were green with a bluish shade. | 


Conclusions: Green glazes and mats can be made by blend- 
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ing cobalt and uranium in the right proportions, which is be- 
tween four and five parts of uranium nitrate to one part of co- 
balt nitrate. 


Ceramic Laboratory, 
University of Illinois. 


DISCUSSION 


Prof. Orton: I do not know, whether there has ever been 
any report made, about the peculiar green developed by one of 
the roofing-tile plants in this country by the use of cobalt oxide 
and sulphate of antimony. These coarsely ground chemicals 
were added to a roughly prepared glaze; and the result was that 
they succeeded in getting a very passable green. At least it 
looked like a good green on the roof, but if looked at close by, 
the size of the blue and yellow spots was so large as to be offen- 
sive. The reason, that they did this, was that they were working 
in a sulphurous close atmosphere, that spoiled other greens, and 
they thought, that if they had a sulphate to start with, it would 
not do any harm. 

Mr. Radcliffe: I might say that a man in the terra-cotta 
business in Kansas told me that he used cobalt and uranium to 
produce greens. He did not tell me, however, until we worked 
it out. He was using it for polychrome work. The cobalt-uran- 
ium green that he produced was better than any other green that 
he could make for this purpose. It did not run or blend off with 
the white, but instead he could get a firm line between the green 
and the white, or whatever base was beneath the green poly- 
chrome work. 


THE USE OF MIXED POTASH-SODA FELDSPARS 
IN PORCELAINS 


BY ARTHUR 8. WATTS 


There have been many interesting discussions at the meetings 
of this Society regarding the use of soda feldspars vs. potash 
feldspars, but we have no specific data with regard to the em- 
ployment of a blend of these feldspars in porcelains. The French 
pegmatites contain much more soda feldspar than do the average 
American pegmatites and-yet these porcelains, in which these 
pegmatites are employed, are matured at much higher tempera- 
tures than the American china and are fired according to Europ- 
ean practice, 1.e., low biscuit and high glost. This practice of 
firing is condemned in this country because it is supposed to 
cause SO much more warping. 

In order to ascertain just how practical such blends may 
prove, a series of porcelains was prepared in which all the varia- 
tions between commercial potash and commercial soda feldspars 
were included. 


ANALYSES OF MATERIALS USED 











| POTASH SODA TENNESSEE ENGLISH 

FELDSPAR FELDSPAR BALL CLAY CHINA CLAY FLINT 
SiO. 69.45 65.50 51.20 47.37 99.18 
Al.O3 16.76 an eed 3210 37.85 Weta 
FeO; 0.20 Or 1Sz OTS Ou2t 0.26 
Lis a eile Sn 1.40 0.04 0.01 
CaO 0.45 0.87 0.13 0.00 0.01 
MeO 0705 1.40 Sats ae 0.01 
NazO 2.60 8.98 0.10 0.14 
KO 9.80 1.00 0.69 : 1.40 
Ignition 


Loss 0.28 0.15 13:75 12.60 Ore 
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MINERAL COMPOSITIONS OF FELDSPARS 


COMMERCIAL POTASH COMMERCIAL SODA 
SPAR SPAR 
PERCENT PERCENT 
ota st feldspat. deat. anasto) 58.70 6.00 
SOdaaeldspat ni. deena 25.15 . 83.86 
Bree ggartz Ae Sees 16.15 10.14 


The bodies included in the series were made in the ordinary 
wet way, and the feldspar and flint employed were all finer than 
200 mesh screen. 

The numbers and composition of the series were as follows: 























No. 1 | No: 2); No. 3} No. 4-| No. 5 | No. 6 | No. 7 

PERCENT] PERCENT| PERCENT] PERCENT | PERCENT | PERCENT | PERCENT 
Potash feldspar... ... 14200 IE OO 9. 7S-| 7.6%.) 5.05) ) 3.44 1 1,33 
soda feldspar... .. 42 6.00] 8.11 | 10.22 | 12.33 | 14.45 | 16.56 | 18.67 
Beetins Dall Clays 26 a. 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 
fenele china clay... 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 
Beta ose air oe we 4s 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00 


These bodies were made into bars of 1 in. by 1% in. by 4 in. 
and wedges of 1 in. by 3 in. varying from 1/32 to 34 inch 
in thickness. The bars were scaled for shrinkage measurement 
and an additional set was employed for warpage trials. A com- 
plete set of trials was fired at cones 6, 8 and 10. 

The warpage trials were supported on tiles seven and a half 
em. apart. The determination of warpage was made by stretch- 
ing a rubber band across the concave face and measuring the 
actual warpage. This was then figured into percent. The shrink- 
age was obtained by actual measurement with a vernier scale. 

The translucency was determined by placing the wedge- 
shaped trial over a one inch hole in a box containing a 16 candle 
power incandescent lamp of constant brilliancy. The maximum 
thickness of the trial, expressed in centimeters, through which a 
No. 20 wire can be detected on the face of the trial next the lamp 
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with the lamp 3 inches distant, is taken as the measure of trans- 
lucency. 
The warpage measurements are as follows: 











| wo.a | Wo. 2 INOwes No.4 | No.5 | No.6 | No. 7 

CONE 6 BURN 

Actual  .-11.5 m:m.|1:5 m.m.): 2:5.) 229 mF 20 a m0) 2-0 a i ee 

Percent 2; 2 Be 2.67 Oi PR Gis 2.00 
CONE 8 BURN 

Actual . | 1.5 m.m.Jj1.5 m.m./3:0 m.m./2.0 mm) 2-0'mm.) 20am 1m 

Percent 2 2 4.00 2.67 eAOK Snob 2.00 
CONE 10 BURN 

Actual . |2.0 m.m.| 2.5 m.m.|3.25 m.m|3.25 m m| 3.5 m.m.| 4.0 m.m.| 2.5 m.m. 

Percent 2.66 By, Bia) 4.33 Cet 4.67 Soe SHO 


The shrinkage measurements are as follows: 


























NOD IS NOs 920 NiOlme Sarl ee Oper No. 5 | No. 6 | No. 7 
PERCENT | PERCENT] PERCENT] PERCENT|PERCENT|PERCENT|]PERCENT 
Gone. BG Dutnhe. ae 12-0 14.0 14.0 14.0 14.0 14.0 14.0 
Gone =<S> Durneey pele eo 14.0 14.0 145 om a0) 1a gS) 
Gone 10 2burn eet IBS MO) if Wes as 15.0 yen) iL WY) 1655 16.0 


The translucency measurements are as follows: 


| wo. 1 | No 2 | no, 2 | wo. 4 





No, 5 | wo. 6 | No. 7 


Cone 6 burn.| 0.444 | 0.466 | 0.487 | 0.507 | 0.528 | 0.530 | 0.530 
Cone 8 burn.| 0.543 |. 0.573 | 0.501 | 0.601 | 0.637 | 0.662.) 07611 
Cone 10° burn + 02490" |" 02500) oes. 0.502 | 9.568 | 0.609 | 0.611 


Conclusions. (a) Warpage. The above data indicates that 
the warpage is worst when about equal parts of soda and potash 
feldspar are used, providing the ware is not fired above cone 8, 
approximately 1290°C. If this temperature is exceeded, the 
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warpage increases with soda feldspar content, until the soda 
feldspar exceeds 82.8 percent of the total feldspar content, then 
it decreases up to 100 percent soda feldspar. This indicates that 
if pure soda feldspar was used exclusively the warpage would be 
less than with any the natural mixtures of potash and soda feld- 
spars. 

(b) Shrinkage. Shrinkage increases with the soda feldspar 
content but only slightly so after the ratio equals one potash to 
one soda feldspar. If the firing temperature exceeds cone 8 the 
shrinkage increase is only up to a ratio of 61.65 percent potash 
and 38.35 percent soda feldspar. Beyond this the shrinkage de- 
creases slightly. 

(c). Translucency. Translucency increases with soda feld- 
spar content, but when fired above cone 8 the translucency de- 
creases with increased heat treatment in all members of the ser- 
ies studied. 


A ROPE HAULAGE PLANT COMBINING ELECTRIC 
POWER WITH GRAVITY 


BY W. A. HULL 


Mr. Riddle, in his valuable paper in Volume XV, describes 
an all-gravity system for handling clay on a down grade surface 
incline, in which the gradient of a portion of the tracks is so small 
that the gravity system will work only by virtue of the momentum 
gained during the first part of ‘the trip. He shows that if the 
conditions were only a little more difficult, the gravity system 
would not operate at all. This suggests a modification of the all- 
gravity system, in which gravity is assisted in operating cars on 
an incline by means of a rope which is pulled by a power driven 
drum. An example of such a system in found in the Lookout 
Mountain Incline, which connects St. Elmo, near Chattanooga, 
Tennessee, with the town of Lookout Mountain, Tennessee, the 
latter located on the top of the mountain. This railroad is used 
for passenger traffic up and down Lookout Mountain. An all- 
gravity system of operation is out of the question, because the 
up-bound car may be loaded as heavily as the down-bound ear, 
or more heavily than the latter. In most respects, the haulage 
problem corresponds closely with a clay haulage problem where 
the load travels up the grade or where the grades are such that 
a down-bound load will not pull an up-bound empty. 

The equipment. of this plant is somewhat more elaborate and 
expensive than would be either justifiable or necessary for hand- 
ling clay, but the principles are the same in many respects. In 
this case, safety is the first consideration, and no expense has been 
spared in making the system almost automatic and practically 
accident proof. 

The Incline Cable Railway, as it is called, is 4750 feet in 
length, and the difference in elevation between its upper and 
lower terminals 1s approximately 1500 feet. The average grad- 
ient is 35 percent, the minimum 10 percent and the maximum 67 
percent. 

The track is standard gauge and consists of 56 lb. tee rails 
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laid on 6 in. by 8 in. ties, 8 ft. long where the track is single. <A 
considerable part, particularly at the upper end, is on wood 
trestle, the rest being on solid earth. The trestling was made 
necessary to eliminate sudden changes in grade to which the 
eable, under tension, would not conform. | 

A turn-out is located half way between the terminal stations. 
From the lower terminal to the turn-out is a two rail track, while 
from the turn-out to the upper terminal, there are three rails 
instead of two individual double tracks. An important feature 
of the system is an ingenious arrangement of the switches of the 
turn-out which makes it possible, by having inside flange wheels 
on one ear and outside flange wheels on the other, to dispense 
with any moveable parts at the turn-out switches. 

The two cars are built on an angle to fit the average grade. 
They are 31 ft. 134 in. in length and carry forty-five passengers. 
These cars have an observation platform at the lower end; and 
they are lighted and heated electrically. Each car is equipped 
with a telephone, and the man in charge can also signal to the 
operator at the power house by making an electrical contact with 
a wire alongside the car. These cars are hoisted by means of an 
electrically driven hoist which consists of two electric motors of 
130 H. P. each, operated at 550 volts, both geared to the same 
drum, over which two 114 in. steel cables are passed. The cables 
pass over this drum and an idle drum in turn, thus breaking the 
spiral or winding tendency. These two cables are worthy of 
special description, as they are used in an unusual way. They 
run throughout the course, side by side as a pair, or as one double 
cable, the purpose being that of safety. In case of a concealed 
weakness in one cable the other is counted on to hold the car. 
Something over a year ago, the wisdom of this precaution was 
demonstrated. One cable although apparently in good condition, 
did break, and the duplicate cable held the cars without giving 
the passengers any shock or alarm. 

To each of the cars is attached one end of this double cable. 
As the drum arrangement is such that the cable is not attached 
to the drum and does not accumulate on it, the total length of 
the double cable is only a little more than the length of the in- 
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celine. As one car goes down, the other comes up, the weight of 
one partially balancing the weight of the other. 

The rope is carried on iron sheaves, 30 ft. apart and it runs 
on sheaves through the turn-out as well as on the straight track. 
Special, one-flange sheaves, long enough to give the rope a bear- 
ing all the time, are provided at the turn-out curves. 





Fig. 2 


The hoist is automatic in operation, and it is impossible to 
hoist a car past a given point at the head of the incline as the 
eurrent is shut off gradually, as the car approaches the station, 
by means of a set of electric switches located in the track, which 
are tripped by the car as it enters the station. 

Each ear is equipped with an Otis double grip safety device 
eapable of holding 50,000 Ibs. This device is automaticaliy con- 
trolled by a centrifugal governor which operates the safety de- 
vice in case the speed of the car exceeds that for which the gov- 
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ernor is adjusted. The safety device is also equipped with a 
hand operated mechanism which can be used by the conductor in 
charge of the car. The grip is designed to engage a 6 in. by 8 in. 
treated yellow pine stringer which is bolted to the outside of the 
track throughout its entire length. 

A safety brake is also provided on the hoisting drum. This 
is operated by a centrifugal governor and can also be operated 
by the operator in charge of the power house. In case the man 
in control of the hoist were to drop dead, leaving the power on, 








Fie. 3 


the automatic safety brake would stop the apparatus if it ex- 
ceeded the speed limit. If this did not occur, the car entering 
the station at the head of the incline would throw out the power 
by means of the automatic switches and stop the ears gradually, 
at the proper place. 

This incline was built about eighteen years ago and has been 
in practically continuous operation since its completion. Until 
about three years ago, it was operated by a steam hoist. The op- 
eration has been satisfactory with both kinds of power, but the 
present equipment is simpler of operation and better safeguarded 
against possible accident than the former plant. In its eighteen 
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years of operation, this incline railway has not experienced a 
wreck and has not hurt a person. It might be said without ex- 
-aggeration that this record is worthy of emulation on the part of 
clay haulage inclines and some few of our ‘‘Safety First’’ steam 
railways as well. 


THE VERITAS FIRING RINGS! 


BY A. V. BLEININGER AND G. H. BROWN, PITTSBURGH, PA. 


The present work was done in order to supply information 
concerning the temperature range of a kind of refined draw 
trials, marketed under the name of ‘‘ Veritas Firing System,”’ 
and used in a considerable number of potteries and other clay 
plants. These trials consist of unburned rings of clay body, 2.5 
inches in diameter, with a hole of about 0.85 inch, and of a com- 
position approaching very closely that of white ware. These 
pieces are pressed from the body in the condition of moist dust, 
by means of a screw press, using a steel die. In using them, a 
number of the rings are placed in several parts of the kiln and 
drawn at different times during the burn. The diameter of the 
cooled ring is then measured by means of a simple device. In 
using the latter, the trial 1s placed against two pegs, on the other 
side, a lever, pressed forward by means of a spring, is held 
against the ring, which is thus kept in position by three points. 
The lever is about 85 inches in length, and moves at its extrem- 
ity along a scale, graduated into 60 equal divisions through an 
are about 2% inches in length. Any change in diameter is indi- 
cated in a magnified degree by the displacement of the pointer 
along the scale. The principle involved is, of course, not new, 
and was worked out in a most admirable way about 140 years 
ago by the famous potter, Josiah Wedgwood, in the form of the 
pyrometer connected with his name. Many other similar devices 
have been proposed, and it is a well known fact that shrinkage 
measurements have been used in the brick industry for many 
years as the most useful criterion of the progress of vitrification. 

The present device was first described in detail by Mare 
Solon,? the inventor. Mr. Solon, in the article referred to, does 
not claim any great novelty in the principles of his method, but 
states that the advantages of this method of control consist, first, 
in being able to determine the progress of the firing at any time 
by the withdrawal of rings from certain parts of the kiln, so that 


1 By permission of the Director, Bureau of Standards. 
2 The Pottery Gazette, Oct. 1st, 1905. 
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uniformity of burning may be maintained. Secondly, the shrink- 
age numbers indicate the actual heat work being done upon the 
body, so that the rate of firing may be accelerated during the 
period when little contraction is taking place and retarded when 
shrinkage is proceeding at its maximum rate. In this manner, 
the firing may be adjusted to the requirements existing at any 
time, which would not be possible by the use of a pyrometer, un- 
less the most suitable rate of firing was previously determined. 
It is evident that, like the pyrometric cones, the firing rings can- 
not indicate temperatures. The more rapid the rate of firing, the 
higher must be the temperatures corresponding to the dif- 
ferent shrinkage numbers, and vice versa. At the same time, 
however, it would seem desirable to correlate the contraction 
values indicated, with the temperatures for different rates of 
heating, in order to connect up the use of these trials with pyro- 
meter practice. This is the object of the present work. 


One of the requirements of a standard of this kind must be 
a practically uniform rate of contraction, since the same compo- 
sition is to be used in plants making all sorts of products and 
using many kinds of clay. It is evident that any decided irregu- 
larities in this respect would tend to diminish the accuracy and 
usefulness of the system. Such fluxes as lime therefore must be 
avoided in the body used for these test specimens. The best 
mixture would probably be that of a white ware body, where the 
predominating flux is feldspar. Such a body is composed of 
about 52 percent of clay substance, 33 percent of flint and 15 
percent of feldspar. By increasing the amount of feldspar, the 
range of the scale may be readily extended to porcelain. 


In the preparation of such standards, it is necessary also to 
have available large quantities of the raw materials, thoroughly 
mixed, so that no undue variations may occur. Such factors as 
the fineness of grain of the feldspar and flint must be maintained 
constant, as well as the methods of preparation and pressing. 
Any decided change in the raw materials would make difficult 
the coordination of new mixtures with the old one, as the rate of 
contraction might be changed. However, by careful experiment- 
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ing, it should be possible to produce stock, the properties of which 
would check with those of the standard mixture. 


Forty of these rings were measured with a micrometer cali- 
per, and the average diameter found to be 2.5065 inches. Meas- 
urements showed slight deviations from the circular shape but 
not sufficiently great to be corrected for in this work. The larg- 
est deviation in diameter was 0.0012 inch and the mean deviation 
0.0004 inch. The weight of the rings varied from 48.55 to 50.70 
grams, their thickness being, of course, of no consequence. The 
measuring scale has five divisions to the left of the zero point, 
so that somewhat larger rings than the standard size may be 
measured, although the specimens of each shipment are always 
of the same caliper. Each division of the scale corresponds to a 
mean value of 0.0054 inch, as measured upon the specimen. 
Measurements of. the scale by means of a microscope comparator 
showed considerable and irregular variations in the graduation. 
The measurements could be made with a device capable of greater 
accuracy such as a modified micrometer caliper. 


In determining the shrinkage of the rings at different tem- 
peratures the question of rapidity of firing was taken into con- 
sideration, and four firings were made at the constant rates of 
increase, of 12.5°, 16.6°, 25° and 50°C. per hour. The burns 
were made in one of the gas-fired test kilns of the laboratory hav- 
ing a capacity of about 28 cubic feet. The temperature was 
controlled carefully by means of two thermo-couples, one of 
which was connected to a recording and the other to a non-re- 
cording Siemens-Halske millivoltmeter. The cold junctions were 
kept at the ice-point. A suitable opening was provided in the 
wicket for the removal of the rings, two of which were taken out 
at each drawing temperature. Upon cooling, the rings were 
measured by means of a micrometer caliper, reading to 0.0001 
inch and by the Veritas instrument. Three readings were taken 
of every ring, and the average of these used. 
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The results of this work are compiled in Table I: 


- 


TABLE I. VERITAS FIRING SYSTEM—HIGH FIRE DISCS 
























































BURNING SHRINKAGE—INCHES SHRINKAGE NUMBER 
HOUR HOUR PER HOUR ,PER HOUR HOUR | HOUR HOUR HOUR 
| | can | 
1010 | 0.0110 | 0.0124 | 0.0191 | 0.0208 Loe £50 3.00 200 
1030 Hee 0.0184 | 0.0257 | 0.0263 2.50 2.50 | 4.12 4.50 
1050 0.0279 | 9.0303 0.0403 | 0.0395 4.37 5.00 | fie) Be | 7.00 
1070 | 0.0427 | 0.0499 0.0595 | 0.0647 4250 9.20 111.00 | 11.87 
1090 | 0.0636 | 0.0746 0.0785 | 0.0823 bbe a 13.75 14.75 ben 
1110 | 0.0815 | 0.0945 | 0.1034 | 0.1041 15.00 | 18.00 | 19.25 | 19.75 
2130 4-0231035 “021183 1-02 18205 4"02 1201 19°. 50s) 22225 | 23.00 | 23.00 
1150 | 0.1325 | 0.1404 | 0.1416 | 0,1418 24.87 | 26.12 | 26.62 | 26.75 
11700 1525.41.07 457 b-) O080 20 L056 29260 429-20 1 SI SI2 a0 i 
1190 | 0.1666 | 0.1699 | 0.1892 | 0.1895 3.1.00: 1232-250 35.00 sh 34268 
IZ1O | OSS 680 ae se Oeeeoe | 0.2061 SAO eres tho Cr Conn Omewel 
1230 | 0.2018 eeetut as 0.2198 | 0.2175 Ee Gl ba aaa coe 40.00 | 40.00 
T2507 205-2 UG os erences «await Os eae Oct. adi hatte: aomstean near 41.75 
1270 eee cde acer oie eie wore seid wie 41 OO Wee a eee 
| 


These values are also presented in graphical form in Figures 
1 and 2, in which the shrinkage is expressed in the numbers of 
the Veritas instrument and in inches as measured by means of 
the micrometer caliper. ; 

From the curves it appears, that the rate of shrinkage is 
quite regular, and hence the composition answers very satisfac- 
torily the purpose for which it is intended. Measurements were 
not taken at lower temperatures, since the changes, as far as a 
body of this kind is concerned, are of no particular importance 
during the lower heat ranges. It might be stated also, that the 
instrument shows very distinctly the expansion occurring coin- 
cident with dehydration, though this point is not one of special 
significance as far as the control of burning is concerned. Upon 
comparing the four curves it will be noted that the time factor 
manifests itself in quite a marked manner. It will be observed 
that the temperatures at which equal contraction takes place are 
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the higher, the more rapid the rate of firing. These differences 
seem to diminish as the temperature rises. The firings at the 
rate of 1214° and 1624° per hour, tend to coincide as is to be 
expected, since the heat absorption approaches a constant value. 

In this connection, it was thought desirable also to trace 
the connection between the porosity and the firing temperature, 
at the firing rates previously mentioned, and these are coordi- 
mated in the diagram of Fig. 3. These show parallelism with 
the contraction curves and bring out the same evidence, though 
the curves are differentiated somewhat more sharply. 


The firm placing these pyrometric firing rings on the market 
has brought out also a series intended to be used at lower tem- 
peratures. <A set of these was tested similarly to the method de- 
scribed for the higher temperature specimens, but using only 
the 12.5° and 25° per hour firing rates. The results of this work 
are presented in Fig. 4.. From this curve, it would appear that 
this series does not show a regular behavior throughout the tem- 
perature range in question. At least four rates of contraction 
may be observed. Between 950° and 1070°C. the contraction 
progresses very slowly, which is a serious drawback, as this par- 
ticular temperature interval is a very important one for the fir- 
ing of red burning clays. It would seem then, that owing to 
this irregularity, the accuracy of control would be seriously im- 
paired within this interval, since the slight contraction indicated 
might lead to the underestimation of the heat effects bringing 
about all important changes in the ware itself. It would be pos- 
sible, however, to prepare a body which would show more con- 
sistent contraction than the one selected. 

The standard firing rings of the higher temperature series 
are undoubtedly useful in controlling the firing of kilns, and if 
used in connection with a pyrometer, would tend to make the 
latter a far more valuable instrument. They offer a simple means 
of correlating heat work and the rate of temperature increase, 
and their use in this connection would be very beneficial. The 
principle of the system is sound, and the body selected has been 
well chosen for the firing of pottery kilns. The selection of the 
body for the lower temperature series has not been so successful, 
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and, as has already been stated, there are serious objections to 
its use. | 

For the control of the burning of all kinds of clay ware, 
draw trials of this kind could be prepared from the clay or body 
of which the ware itself is made. It is evident that such speci- 
mens would be of greater service for determining the progress of 
firing than any other body. In order to make the trials com- 
parable with each other, they must be made from a well mixed 
standard sample of the material and pressed under the same 
conditions. In this connection, regularity of the shrinkage curve 
with temperature is not necessary, as it would be in the case of 
standards used in firing all sorts of clays. In fact the very pe- 
culiarities of the contraction of such clay trials would be useful 
in checking the burning behavior of the same material made into 
ware. 

The thanks of the writers are due the Veritas Firing System 
Co. and the Trenton Potteries Co. for supplying the rings used. 


DISCUSSION 


Mr. Denmead: I wish to ask Mr. Bleininger, whether he 
found the Veritas dise trials proved the claim that they swelled 
in the early period of the firing and returned to normal as soon 
as the water is off. 

Mr. Bleoninger: Every clay body will expand during de- 
hydration, and this is indicated by the instrument. 

Mr. Denmead: They claim, that you can know exactly 
what your kiln conditions are, and that you ean tell pe their use 
exactly when the water is driven off the ware. 

Mr. Bleininger: Yes, dehydration is clearly indicated. 

Mr. McDougal: We are using this system in New Castle. 
We are making the rings of our own body, and we notice this 
initial swelling. Mr. Bleininger mentioned, that if your own 
body composition were used, calibration would be advisable. 
Even if this is not done, the rings, which are drawn at regular 
intervals from the four corners of the kiln, give as good as in- 
dication as you might want of the progress your ware is making, 
due allowance being made for the lag of the ware on account of 
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the heat not reaching it as quickly as in the trials. I understand 
that there is a patent covering some phase of these rings. Is 
that true? 

Mr. Bleininger: I do not know. I have not paid any at- 
tention to this matter. 

Mr. Bowman: You will, I think, find the Veritas firing 
rings of service in determining the rate at which the heat in the ~ 
kiln is progressing. We do not fire off our kilns by the Veritas 
ring, but merely use them as a check against the Seger cone. 

Mr. Hill: I want to ask the exact temperature at which the 
dises cease to shrink. Have you a record of that? 

Mr. Bleninger: None other than that given in the tables 
and curves. 

Mr, Hill: We found the dises very satisfactory in checking 
up the kilns, especially new kilns just started. We do not use 
them continuously. 

Mr. McDougal: I might add another word to what has 
been said. We find these rings of value in keeping a permanent 
record. After a kiln has been fired off, the rings still tell their 
story of the rate at which the firing was done. It is not always 
a true story, as the fireman realizing the increase is too rapid 
may pull his trials early. 

Mr. Watts: I have heard the statement made by a number 
of men who. introduced these rings that they are useless beyond 
the first ring. I have not any conception of a pyrometer or any 
other device of this sort that could be valuable in the first ring 
and not beyond it. Can anyone give me any light as to why 
they are not? 

Mr. Allen: I think that the chief trouble is the inconven- 
lence in having to reach in so far to draw. If you reach with a 
long iron rod it gets very warm and is then a difficult proposition 
to handle. 

Mr. Nies: I should like to know the approximate composi- 
tion of the rings, that is, whether they are a natural clay or re- 
fractory minerals with a binder. 

Mr. Blewmnger: They are a body mixture. We analyzed 
the rings and know what they are, but I do not believe that we 
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should state the composition without the permission of the owners 
of the system. They are a body very much like the average 
_ white-ware body, and any such pottery body would give similar 
results. The one difficulty in any system of this sort is the ques- 
tion of uniformity—as to whether they can be maintained uni- 
formly of this composition—because it is evidently not only the 
mineral composition but the physical structure also that is in- 
volved. This can be got around by a recalibration. 

Mr. Purdy: It is no secret at all, that these rings are man- 
ufactured by the Cook Pottery Company, of Trenton, and are 
evidently of the same material as in their ware. 

Mr. Watts: It is not so; they are not. 

Mr. Minnemann: Regarding variation, the maker of the 
rings told me that after you use up the first batch and order the 
second, it is advisable to keep some of the first lot and check 
them against the second so as to correct any variation of a degree 
or two that may occur. 

Mr. Miller: We have used, not the discs manufactured by 
the Cook Pottery Company, but some manufactured by our own 
plants, and with very good results. One objection that has been 
brought out to-day is that they are not useful except in the first 
ring. We have found them quite as useful in the inner rings of 
the kiln. We use them as far as the third ring and also in the 
second. We employ them in connection with the cones, using 
one to check up the other. We have found them to give a better 
record of the rate of our fire particularly in the early stages of 
it, where we would not use as low temperature cones as these 
dises. They give a constant record of what our night man does 
in every stage of the kiln; and it has materially bettered our pro- 
duct, so far as loss from rapid firing is concerned. 

Mr. Lovejoy: Is it the pottery body used by the Cook Pot- 
tery Company that is employed in the manufacture of these 
dises ? 

Mr. Miller: It is not our pottery body. 

Mr. Pence: I might add a word concerning my experience 
with these trials. We found them very good for medium to high 
temperature firing. We tried out one shipment of a small sam- 
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ple order, and having used these up, we placed another order for 
a small amount. We found a difference, between the second 
shipment and the first, in the shrinkage obtained, of about two 
degrees. Therefore the point made by Mr. Minnemann of check- 
ing up one shipment against another applied in this case. How- 
ever, we found that by using one of our bodies as the material 
for manufacturing the shrinkage discs, we got as good results 
as from the Veritas discs. The point made by Mr. Miller con- 
cerning the record of the firing we found to be the most import- 
ant feature of the system. We have an accurate record of the 
progress of the kiln, to which we can refer for purposes of as- 
surance and explanation. However, in determining the finishing 
point of bisque fires, pyrometrice cones are found to be more sen- 
sitive than Veritas discs. Regarding the low-fire results, I would 
say that we have used a dise of a composition quite different 
from that of a Veritas disc, making it of a cruder clay composi- 
tion, and have found it of distinct service in lower fires. 

Mr, Miller: I should like to state another point with re- 
gard to the discs. We have always found that the rate of shrink- 
age of these discs was more rapid if we fired quickly. In fact, 
if we used these low-temperature discs in the glost kiln, we fre- 
quently found it to go out with the discs registering as high as 
our biscuit. 


POTTERY CASTING APPARATUS AND OTHER 
IMPROVEMENTS 


BY HERFORD HOPE, BEAVER FALLS, PA. 


Last year the writer set down under the title of ‘‘Shop 
Notes’’ a heterogeneous collection of items connected with the 
work of the clay shop, which he thought might possibly be of 
interest to some of the members of the Society, though he had 
serious doubts as to whether the majority, and particularly those 
of his own branch of ceramics, the whiteware potters, would 
not think them commonplace. Certainly none of them are 
epoch making; but after all, the pottery business is one vast 
mass of little details, and any improvement, however small, 
should ‘be noted. Fortified by this apology, the writer will de- 
scribe a few small improvements which have been put into use 
during the past few months. ‘These consist of a caster’s revolv- 
ing table, a punch for cutting holes of various sizes and shapes 
in clay ware, an arrangement for washing out plaster pitchers 
automatically, and a clamp for holding certain mold cases, both 
of the latter having been designed by our moldmaker, W. W. 
MeDanel. 


CASTER’S ROTARY TABLE 


By reference to Figure 1, it will be readily understood that 
this table is essentially a rotary stoveroom, full description of 
which is given in another article in this volume. It has, how- 
ever, only three tiers of shelves, the fourth from the bottom 
(about 2 ft. 10 in. from the floor) being replaced by a solid flat 
top consisting of boards cut radially. The inner ends of these 
boards rest on 1 in. by 2 in. strips which are nailed to the center 
post, while the outer ends rest on the upright boards which form 
the ends of the shelves. <A strip of oak is screwed from one up- 
right board to the other, to give support to the top boards be- 
tween the shelves. The top is divided into 24 equal spaces by 
means of pieces of 2 by 4’s set on edge and kept in place by oak 
strips screwed to the table top. As shown in the illustration, 
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the molds are held in place by wedges, and since the 2 by 4’s 
are set radially, and run in to the center a distance of 18 in., 
they are adapted to molds of various sizes. The illustration 
shows the hopper, into which the surplus shp is poured from the 
molds, one of which is seen inverted across the top. Below is 
a steam connection which has to be used at times when the drain 
becomes clogged, a condition arising from the long distance and 
siight, fall in this particular case, the slip draining back to the 
blunger where it was mixed. The slip pump used is illustrated 
in Figure 2, which shows the apparatus fairly clearly. The pump 
is automatic, working only when the pressure is low, and stop- 
ping by back pressure. The connecting rod is made in two parts, 
the lower and smaller part being fitted at its upper end with a 
flange or collar, and sliding within a cylinder which is, itself, 
attached to the eccentric and is always in motion. So long as 
the pressure keeps the lower rod at such a height within the 
upper part, that the collar does not engage, the pump does not 
work. As soon as the weights below overcome the back pressure, 
the lower rod is pulled down for the down stroke, and it is pulled 
up by means of its collar for the up stroke. That is, the down 
stroke is made by gravity, the up stroke by power. At first, 
considerable trouble was experienced by reason of air bubbles 
forming in the ware when the slip was poured into the molds, 
this being caused by the comparatively high pressure—a matter 
of 55 to 60 lbs., which was then used. By reducing the pressure 
to about 45 Ibs. and at the same time increasing the size of the 
delivery hose from 1% in. to 114 in., the difficulty has been over- 
come to a large extent. The advantage of using a table such as 
that just described is evident, since the caster need not move a 
step either to fill or to empty his molds. With very little trou- 
ble, an arrangement can be made to fill several molds at once, 
as they pass under a given point, though as yet this has not been 
actually done. The lower part of the table, is in fact a stove- 
room, and is ample for drying all molds used, steam pipes being 
provided as with other stoverooms. 
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PUNCH FOR CUTTING HOLES OF VARIOUS KINDS 


This was designed especially for cutting the slots in match 
safe hoods, but it is equally suitable for holes of all sizes and 
shapes. Such work as the notching of covers for soup and sauce 
tureens and mustard pots is effected in a fraction of the time 
required to do it with a knife. It is of the usual hand punch form, 
but with jaws sufficiently long to carry the cutting edges of the 
required size and shape. The cutting edges may be made from 
hard sheet brass or other suitable material as thin as is consist- 
ent with durability (2, in. thick will answer), and these are 
soldered or otherwise fixed to the jaws. The jaws should be bored 
out to the same size and shape as the cutting edges to allow the 
punched-out piece of clay to be pushed through them. The cut- 
ting edges project each about 5/16 in. beyond the inside surface 
of the jaws, thus separating the latter by about 5% in. In order 
to prevent bending or other detriment to the cutting edges, a set 
screw passes through the top jaw, and thus the adjustment of 
the two edges may be made accurately. (Figure 3.) 





Fig. 3 


Not only does the punch save a great deal of hand work, but 

from the fact that the two cutting edges meet in the center of the 

thickness of clay, all roughness on the outside is avoided, which 
is the result if the cutting is done from one side only. 
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PLASTER PAIL WASHING APPARATUS 


This arrangement, which is shown in Figures 4 and 5 with 
and without a pail being washed, is of much convenience to the 
mold-maker, as it enables him to tend to his cases immediately 
after filling them, levelling the plaster and inserting sinkers (in 
the case of flat molds) while his plaster pail is being washed 
out automatically. 


The operation of washing out the pail by hand either takes 
the moldmaker’s time when he should be attending to the cases 
just filled, or necessitates the employment of a boy who, while he 
is given other work to do as well, might be dispensed with, were 
it not for washing out the pails. Instead of filling a slush tub 
with the plaster washings, the automatic washer carries every- 
thing out, through a 2 in. drain pipe passing through the bot- 
tom of the tub. The apparatus itself consists of a 14 in. pipe in- 
troduced through the bottom of the tub and rising to a height 
of 2 feet above the bottom. The pipe is plugged at the top and 
is surmounted with an old valve wheel which supports the bottom 
of the pail when the latter is inverted over it. <A hollow ball 
would be far preferable to the wheel used in this instance, so 
that when perforated at equal intervals it would throw streams 
of water in every direction. In order to wash the spout of the 
pail, a pipe of equal size and also plugged at the end, is con- 
nected with the upright pipe at a distance of 814 in. from the 
top ‘by means of a tee, and bent downwards at about the same 
angle as the spout of the pail. This, as well as the upper part 
of the upright pipe, is perforated with 1/32 in. holes about an 
inch apart. 


The efficiency of the apparatus depends much upon the 
water pressure, that in use being from 60 to 70 pounds, and it 
is hardly sufficient. If 34 inch pipe were used with a pressure 
of 90 to 100 pounds, the results would be better. Care should be 
taken that sufficient drop be given to the drain pipe, in order 
that all waste plaster may be flushed out, though this will ony 
be done if the water is sufficient. 
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CLAMPS FOR HOLDING PRESSED JUG CASES © 


In making jugs, covered dishes, or other molds for pres- 
ser’s use, it is quite usual either to nail blocks to the bench at 
suitable distances and after inserting the half cases, to wedge 
them at one end, or in some eases to tie them around completely 
after placing cottles of clay on each side. In stil other cases, a 





Fic. 6 


complete case is made of plaster, leaving only a hole at the top 
for pouring. The latter, while more mechanical than the other 
methods, is open to the objection that the case takes longer to 
make and is much heavier, than when cottles are used. A con- 
venient clamp for holding a case consisting only of the hump 
and end-gates, is that shown in Figure 6. It consists of a board 
8 in. by 30 in., raised an inch or so from the bench and having a 
slot 14 inch wide for about half its length. At the opposite end 
is bolted a triangular block about 214 in. wide, 6 in. high and 6 
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in. base, its face sloping back at about 5 or 6 degrees from the 
perpendicular (to permit the insertion of wedges). Along the 
slot travels a similar block which may be held securely at any 
desired place by means of a thumb nut underneath the board. 
This arrangement permits instant adjustment of the block to a 
case of any length. The cottles used, consist of stiff linoleum to 
which are fastened, parallel with the case, strips of wood about 
1 in. by 1 in. A wider piece set on edge is used about half way 
up, so as to enable the cottles to be tied tightly, this being ef- 
fected by means of a cord and wire fastener. 


DISCUSSION 


Mr. Blewmnger: Speaking of pottery equipment, I have 
frequently wondered why the potters did not make use of modern 
filter presses. They have now on the market a number of filter 
presses that seem to me to be very economic devices. I am re- 
ferring particularly to the clam-shell filter press which mini- 
mizes labor to a large extent. I see no reason why a filter press 
of this type should not be used. The clam-shell press is com- 
posed of a cylindrical shell in which the filtering disks consist 
of perforated plates on which the filtering cloth is placed. By 
means of a pump or compressed air, the slip is forced into this 
cylinder and filtered. As soon as the cakes have formed, the ex- 
cess slip is run off. The shell is then opened, and within ten 
seconds the whole charge is removed by air pressure. Within a 
short time the filter press is ready for operation. I think that 
something of this sort could find a place in the pottery industry. 

Mr. Purdy: The use of a filter press spoken of by .Mr. 
Bleininger would do away with the piling up of leaves as the 
potters now do and would perhaps be necessary where they use a 
ear for drying prior to dry-pressing as in the tile business. I see 
no reason why they could not dump the clay and transport it to 
their cellar in lumps or spadings. 

Mr. Lovejoy: I saw the application of the potters filter 
press in treating the slimes from the cyanide process in the works 
of the Homestake Mining Company at Lead, S. D. The filter 
plant is at Deadwood, several miles from Lead, and the cyanide 
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plant is at Lead. The output of the mine at the time I was there 
several years ago was four thousand tons a day, all of which went 
through the stamps. The tailings went to the cyanide plant, and 
all the slimes from there went to the filter plant at Deadwood. 
‘There the slimes were put through the filter presses, which were 
our potters filter presses on a large scale. It is my recollection 
that there were about two thousand tons of material filter-pressed 
a day. They were not after the residue, but instead saved the 
solution which contained a trace of gold. After they had forced 
the water out and pumped it back into the tanks instead of open- 
ing the leaves as the potters do, water was pumped through the 
press in such a way as to wash out the mass of material. 


A DEPARTMENT OF CERAMICS IN THE OREGON 
SCHOOL OF MINES 


BY IRA A. WILLIAMS 


The Board of Regents of the Oregon Agricultural College 
has recently established in the School of Mines, which is a part 
of the College, a Department of Ceramics. This is the first of the 
far west state educational institutions to equip a department and 
offer a course of instruction in the ceramic field. 

This step was taken by the governing board of the Agricul- 
tural College in response to a demand for ceramic work among 
students of the School of Mines and of the engineering depart- 
ments of that institution. There is a growing recognition in the 
west of the importance of the ceramic industries. Clay wares 
of various kinds, and Portland cement are consumed in much 
larger quantities in Oregon than the state now produces. Needed 
encouragement, therefore, in the developing of these industries 
made the creation of the department the more urgent. 

The Oregon State Legislature at its last session passed a bill 
creating the Oregon Bureau of Mines and Geology and providing 
40,000 dollars for its maintenance for two years. A prominent 
feature of the bill is a provision for ‘‘an investigation of the 
clays of Oregon—as well as testing of all the clay manufactured 
products.’’ Also ‘‘an investigation of limestones, shales, clays 
of Oregon, to determine their fitness for use as cement mater- 
ials.’’ 

In earrying on the work of this new Bureau, the entire lab- 
oratory equipment of the various departments:in both the Agri- 
cultural College and the University of Oregon has been made 
available for whatsoever purpose required, in the investigation 
of the mineral resources of Oregon. It was at once realized that 
an investigation of Oregon’s ceramic materials should be given 
early attention. k 

In equipping the laboratories of the Ceramic Department of 
the School of Mines, therefore, the general plan has been to 
provide for doing investigational and experimental work as well 
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as for giving instruction in ceramic subjects. At present, two 
kilns have been installed, one a small rectangular down draft 
using crude oil and the other a Caulkins Revelation pottery kiln 
designed to burn kerosene. A dryer in which conditions can be 
accurately regulated 1s also to be mstalled. 

The machinery equipment consists of a combination dry-wet 
pan, small blunger, filter press, ball miils, and other grinding 
machines, rolls, screens, potter’s wheel and an auger machine 
provided with dies for making full size side and end cut brick, 
hollow block, drain tile and roofing tile. A hand power screw 
press with dies for dry press brick and flat tile; a Hoskins elec- 
tric furnace for high temperature work, elutriator, balances, and 
various other pieces of apparatus for physical and chemical test- 
ing of clays and other ceramic materials, are also a part of the 
laboratory equipment. A twenty horse-power motor furnishes 
the necessary power. The ceramic laboratories occupy most of 

the available room on the basement floor of the Mines Building. 
The design of the ceramic course is such as to prepare 
young men to make intelligent search for suitable raw materials, 
to make proper tests of them and to aid in their economic ex- 
ploitation as well as to give them a fundamental knowledge of 
the processes of manufacture and qualities of the various ceramic 
products. The ceramic course is one of four years, the technical 
work being given largely in the junior and senior years. During 
the first two years ceramic students are required to take the same 
preliminary courses in the basic sciences and engineering sub- 
jects, as are students in chemical and mining engineering. The 
degree conferred on graduation from the ceramic course is 
Bachelor of Science in Ceramics. Technically speaking, the cer- 
amie field is one that is wide open in the Pacific Coast states and 
one in which there is promise of rapid development. 
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THE EFFECT OF VARIATION OF RO ELEMENTS 
UPON CHROMIUM OXIDE AS A COLORING 
AGENT IN A MAT GLAZE 


BY. RK. BH. MINTON, AEETUCHEN, Nd. 


A number of papers appearing in the Transactions discus- 
sing the effect of zine oxide upon chromium oxide in glazes and 
stains, leads me to present from my notes, the results of a short 
series of experiments conducted in the summer of 1907, at the 
plant of the Perth Amboy Terra Cotta Co. The’ experiments 
were to determine the effect of calcium oxide, barium oxide and 
magnesium oxide, as well as zine oxide, separately and in com- 
bination, upon chromium oxide in a certain type of mat glaze. 


As this work was done previous to the appearance of Bryan’s 
paper (Vol X, p. 124, Trans. Amer. Cer. Soc.), it has no bearing 
upon his work, except in further proving his conclusions regard- 
ing the influence of zine oxide. 


The method of application of terra cotta glazes by the air 
spray is so unhealthful, and_the experience with lead glazes by 
the Perth Amboy Company, previous to my engagement there, 
had been so disastrous, that I have always avoided the use of 
lead in compounding such glazes. No especial merit is claimed 
for the type of glaze used in these experiments, it is merely a 
leadless-alumina mat producing a smooth texture at cone 4-5. 


Method. Throughout the series, the K,O, Al,O, and SiO, 
are kept constant. The amount of chromium oxide is maintained 
at 1.75 percent of the batch weight of each glaze, this percentage 
being chosen because it was sufficient to produce a good green 
eolor. ‘Through adding the chrome by percentage instead of by 
equivalent, the ratio to each glaze is kept constant. 


In all cases the variable of the RO elements is maintained 
at 0.20 equivalent. 
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Of necessity considerable duplication takes place from this 
arrangement, but as it was desired to maintain each group intact 
for convenience in studying results, the entire list of numbers 
was made, although of course No. 1, No. 6 and No. 11 were made 
from the same glaze batch, and like procedure for other duplica- 
tions. | 


Materials Used: 

Sparvetta spar, a soft soda spar mined by the Sparvetta 
Mining Co., Baltimore, Md. 

English china clay No. 7 from Golding and Sons, Trenton, 
N. J. 

Ohio flint from Golding and Sons, Trenton, N. J. 

Paris white from American Whiting and Putty Co., New 
York City. 

Red Seal zine oxide from J. W. Coulston and Co., New York 
City. 

Barium carbonate ppt. from R. and H. Chemical Co., New 
York City. 

Light magnesium carbonate from R. and H. Chemical Co., 
New York City. 

Green chromium oxide from R. and H. Chemical Co., New 
York City. 
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DUPLICATIONS 
























































GROUP NO SEE GROUP NO SEE GROUP NO SEE 
eee ee ee eo ee or ice ae 

VII 51 19 67 12 
34 9 XII 54 24 XVI 68 48 
35 4 55 @ 69 36 

ELE 
38 14 XIII 56 A4 70 2s 
IX 39 9 57 32 xvi 71 12 
42 14 58 17 72 60 
43 2 59 " 73 40 
x 45 33 XIV 61 A1 XVII 74 27 
46 19 62 29 "5 292 
A? 2 63 17 76 24 
MI} 49 37 Xv | 65 53 XVII oe 52 


50 24 66 29 78 27 


Method of Compounding. Five times the batch weight in 
grams was made of each different glaze, and this ground wet for 
five hours in a porcelain Abbe ball mill, ‘‘Trojan’’ type. All 
glazes were brought to as near the same fluidity as possible, 
weighing about 24 ounces per pint. 

Tile. The tile used were dry pressed biscuit wall tile 3 in. 
by 14% in., supplied by The C. Pardee Works, Perth Amboy, 
N. J. | 

Application. The method of application was one heavy 
coat, hand dipped from end, to end, similar to the old method in 
tile manufacture before the introduction of the glaze coating 
machines. No foreign adhesive substance was added. The edges 
were fettled, and the numbers marked on the backs of the tiles 
with an ordinary slate pencil, the mark of which burns to a per- 
manent brick red color. Two sets were made in order to dupli- 
cate results, In separate ‘burns in different kilns. 

Burning. The trials were burned in the interior of 40 ton 
terra cotta kilns, requiring about 120 hours to burn and nearly 
as long to cool. Cone 4 down was reached at trials. 


RESULTS FROM KILN 
Group I—CaO and ZnO variables. 


No. 1—Beautiful smooth mat. Shghtly water-marked. Fine 
pea green color. 
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No. 
-No. 


No. 


No. 
No. 
No. 


No. 
No. 
No. 


No. 
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2—Dead mat surface. Zine texture. Color slightly reddish 
brown. 
3—Semi-mat. Decided reddish brown color. 


4— Beautifully matured mat. Smooth as satin. Very fine 
drab color. 

o—Slightly rough surface. Not quite mature. Light fawn 
color. 


Group II1—CaO and BaO variables. 


6—Same as No. 1. 

7—Fine mat. Nile green. Darker green than No. 1. Crazed. 

8—Smooth surface, but broken, due to contraction. Apple 
green. 


. J—Rough, but not harsh, alligator skin surface. Very dark 


chrome green. 


. 10O—Rough, harsh surface. Hedge-apple green. Great dif- 


ference in color between No. 9 and No. 10. 


Group III,CaO and MgO variables. 


. 11—See No. 1. 

. 12—Rough, harsh, broken surface. Pale faded green color. 
. 18—Rough, harsh, broken surface. Dark brown. 

. 14—Rough, harsh, broken surface. Light brown, faded 


edges. 


. 15—Rough, smooth, broken surface. Dark fawn. Darker 


than No. 5. 
Group IV—ZnO and BaO variables. 


. 16—See No. 5. 
. 17—Very smooth, shiny surface. Broken. Dark brown, but 


without the slight reddish tone of No. 4. 
18—Smooth, slightly broken. Medium drab color. 
19—Rough and broken surface. Dark brown. 
20—See No. 10. 


Group V—ZnO and MgO variables. 
21—See No. 5. 


. 22—Smooth, shiny. Fawn color, with gray tone. 





No. 
No. 


No. 
No. 
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, 23—Same as No. 22, but much duller surface. 
. 24—Rough. Trifle less pinkish than No. 15. 
. 25—See No. 15. Smoother than No. 24. 


Group VI—BaO and MgO variables. 


. 26—See No. 10. 
. 27—Rough, harsh, broken. Greenish brown. 
. 28—Less matured than No. 27. Dirty gray color. 
. 29—Dry and immature. Light gray. 
. 80—See No. 15. 
Group VII—CaO constant at 0.20 eq. ZnO and BaO 
variables. 
. 31—See No. 4. 
. 832—Very fine mat. Deep fawn color. . Not so smooth as 


No. 31. 
33—Smooth, broken surface. Brownish gray color. 
34—See No. 19. 
Group VIII—CaO constant. ZnO and MgO variables. 


35—See No. 4. 
36—Very fine surface. Shghtly more pinkish than No. 82. 
Smoother. 


. 37—Fine texture. Lighter color than No. 36. 
. 388—See No. 14. 


Group IX—Ca0O constant. BaO and MgO variables. ~ 


. 39—See No. 9. 
. 40—Dull, broken surface. Very dark grayish green. Not 


nearly so green as No. 39. 


. 41—Dull, harsh surface. Light straw brown. 
. 42—See No. 14. 


Group X—ZnO constant. CaO and BaO variables. 


. 43—See No. 2. Dead mat, reddish brown. 
. 44—Fine surface. Color like No. 32, but slightly more 


pinkish. 


Ae LtKGUNO, 33: 
. 46—See No. 19. 
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Group XI—ZnO constant. CaO and MgO variables. 


47—See No. 2. 
48—Fine surface. Fawn color. Very dark. 


. 49—F ine surface. More pinkish than No. 48. 
. 1|0—See No. 24. 


Group XII—ZnO constant. BaO and MgO variables. 


. 51—Same as No. 19. 

. 52—Smooth and broken. Color, light wood brown. 
. 53—Smooth and broken. Light fawn color.. 

. 54—See No. 24. 


Group XIII—BaO constant. CaO and ZnO variables. 


. 0|)9—See No. 7. Only showing green. Good texture. 
. 56—See No. 44. Good texture. 

. of—See No. 382. 

. 08-—-See No. 17. 


Group XIV—BaO constant. CaO and MgO variables. 


. 099—See No. 7. Fine green. 

. 60—Rough, harsh and broken, dark gray brown. 
. 61—See No. 41. Lighter than No. 60. 

. 62—See No. 29. Still lighter color. 


Group XV—BaO constant. ZnO and MgO variables. 


. 63—See No. 17. Dark ‘brown. 
. 644—Fairly smooth. Broken surface. Not quite so dark 


brown as No. 63. 


. 65—See No. 53. Still lighter thai No. 64. 
. 66—See No. 29. Gray, not brown. 


Group XVI—MgoO constant. CaO and ZnO variables. 


. 67—See No. 12. Rough, faded green. 

. 68—See No. 48. Smooth, dark fawn. 

. 69—See No. 36. Smooth, pinkish, fawn color. 
. T0—See No. 22. Smooth, shiny. 
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Group XVII—Mg0O constant. CaO and BaO variables. 


No. 71—See No. 12. Rough, faded green. 
No. 72—See No. 60. Rough, grayish brown. 
No. 73—See No. 40. Dull, grayish green. 
No. 74—See No. 27. Rough, greenish brown. 
Group XVIII—Mg0O constant. ZnO and BaO variables. 
No. 75—See No. 22. Smooth, shiny. Fawn color. 
No. 76—See No. 64. Medium brown shade. 
No. 77—See No. 52. Light brown. 
No. 78—See No. 27. Greenish brown. 
Group XIX—PbO, Ca0 and ZnO variables. 
No. 79—Very fine mat. Crystalline texture. Apple green. Tex- 
ture not so smooth as No. 1. 
No. 80—Good mat. Faint gloss. Very dark brownish green. 
No. 81—Light wood brown. Dull, wrinkled texture. 
No. 82—Very strong pinkish color. Pinholed bad. Quite shiny. 
SUMMARY 
Color. 


Calcium alone produces fine green. 
Calcium and zine (in increasing amounts) produce from 


pinkish to brownish shades. 


Caleium and barium produce very dark greens. Barium 


deepening green color decidedly. 


Calcium and magnesium produce brownish shades. 


Calcium. and lead produce fine bright greens. 


Zine alone produces light fawn shades. 

Zine and barium produce brown shades. 

Zine and magnesium produce pinkish browns. 

Zine and lead produce brown and strong pink shades. 
Barium alone produces yellowish or hedge apple greens. 


‘Barium and magnesium produce grayish colors. 


Magnesium alone produces fawn shades and seems to exert 


stronger effect upon Cr,O, than zine. 
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Fluxing Properties. | 

Magnesium and barium are poor fluxes compared with cal- 
cium and zine. 

Calcium alone is superior to zinc, barium, or magnesium 
alone; none of the latter form good smooth mats, while calcium 
alone produces a fine texture. 

Zine and calcium together are much better than barium or 
magnesium with either calcium or zine, although low barium with 
high calcium makes a smooth surface but erazes. 

Calcium and magnesium together do not flux in any pro- 
portions. 


CONCLUSIONS 


Glaze No. 1 is undoubtedly a calcium-alumina mat, and ac- 
cording to Heubach! should not produce a green. My experience 
with a large variety of glazes colored with chrome compounds or 
chrome stains without zine, lead me to believe that alumina in 
itself has no great effect upon the color. The other elements in 
the RO of the glaze exert a very decided effect; and probably 
high alumina does promote the influence of these, of which I 
mean zinc and magnesium especially. 

Repeated trials have demonstrated to me, that a glaze con- 
taining not over 0.10 eq. zine oxide and 2 percent Cr,O, made 
up with say, 0.40 K,O and 0.45 Al,O, can be made to yield good, 
dark greens if properly fired; while another glaze maturing at 
the same heat, but composed of 0.25 K,O and 0.35 Al,O, with 
zine oxide and chrome the same as before, almost invariably pro- 
duces ‘browns. 

Most likely, the larger ratio of clay to spar in the latter glaze 
accentuates the action of the zine, but in itself it is probably not 
the disturbing element. This may possibly be due to the clay 
engaging the action of the lime, leaving the zine freer to exert a 
stronger influence upon the chrome. Zine is a good thing to 
entirely eliminate from a glaze containing chrome, although I 
consider magnesium a useful RO element if confined to say 
_ 0.10 eq. 


1 Trans. Amer Ceri 80c.. Vols XLV pees: 
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There can be no question but that oxidation and reduction 
play the leading parts in the action of chrome, in glazes contain- 
ing zinc. <A glaze, containing 0.075-0.100 eq. ZnO and a percent 
Cr,O, under normal oxidizing kiln conditions, will usually de- 
velop a brown, while under a strong reducing condition it will 
develop a strong dark green, thus overcoming the oxidizing ac- 
tion of the zine oxide upon the chrome. Often both colors and 
all variations will come from the same kiln or even on the same 
piece, especially if two faces have been set very close together. 


I question very much, however, if the length of burn or dur- 
ation of cooling has much effect upon the development of the 
color. My explanation of Humphries’ statement (Vol. X, p. 132, 
Trans. Amer. Cer. Soc.), regarding different results from trial 
and large kilns, is that in a small kiln where the heat is raised 
rapidly or forced, the kiln conditions are more apt to be reducing 
than in a slower fired large (particularly muffle) kiln, which 
normaliy is usually oxidizing. It is practically imposible to du- 
plicate in large commercial kilns burning 80 to 120 hours the 
results from trial kilns reaching the same heat in 18 to 24 hours, 
and I long ago made it a rule to carry all experiments through 
the regular factory process. 


ADDITIONAL NOTE ON CHROMIUM STAIN 


Owing to the frequent wide variation in green colors ob- 
tained by the use of raw oxide of chrome, even when secured 
from the most reliable sources, I have found it safer to use stains 
in preference to the raw commercial chrome. This has led to 
many experiments with chrome stains of vastly different compo- 
sitions; and in the light of this work, Pence’s statement, (Trans. 
Amer. Cer. Soc., Vol. XV, p. 120) that ‘‘It is demonstrated that 
the color effect of zinc upon chromium in underglaze stains is 
similar to the action of the same in glazes,’’ is not convineing. I 
do not question the results which he exhibits, ‘but they are not 
broad enough to be final and conclusive for all cases. 

There can be no doubt that the action of zine in a stain is 
influenced strongly by the ‘‘other elements’’ entering into the 
composition of the stain; and in some stains its influence is cer- 
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tainly not so strong or effective, as when in a glaze. At the 
same time Heubach’s statement, (Trans. Amer. Cer. Soc., Vol. 
XIV, p. 429), that zine oxide is detrimental only when BASU 
ated in a glaze is exceedingly loose. 


The following stain No. 3, composed of 
50 -Gr,O; 
90 ZnO 


which ealcines to a soft, light chocolate brown color at cone 5, 
always produces a wood brown color when used to the extent of 
four or five percent in a glaze, either with or without zine. 


Stain No. 63, composed of 
3314 zine oxide 
331% chrome oxide 
3314 flowers of sulphur 
1 percent cobalt oxide (black). 


produces a fine dark green when ealcined to cone 5. 


Stain No. 178, composed of 
40 Cr,O, 
20 ZnO 
d Co,0, 
20 Si0, 
15 borax 


produces a dark blue green at cone 5. 

These last two stains I have used repeatedly in large and 
small amounts, with unvarying success in securing uniform color. 

In stain No. 63 the ratio of zine oxide to the chromium oxide 
is the same as in stain No. 3. Stain No. 3 is invariably brown 
and stain No. 63 always dark green. My theory has been that 
the sulphur combines with the oxygen in the zine oxide, prevent- 
ing it from oxidizing the chrome, to produce a brown color. I 
have never made any experiments to determine just how little 
sulphur could be used and still develop the green color. Acting 
on this theory, I have taken a mat glaze containing 0.35 eq. ZnO 
(about 10 percent of batch weight of the glaze) and 2 percent 
raw Cr,O,, which always produced a brown, and incorporated 
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up to 10 percent flowers of sulphur in the glaze. The only dif- 
ference I could detect was that the glazes containing the sulphur 
were of a more reddish brown than that of those free from sul- 
phur. Ten percent of sulphur had no deleterious effect upon 
the glaze. ; 

There can be no doubt that a stable chrome stain, whether 
green or brown, retains its own characteristic color to a large 
extent when incorporated in a glaze (containing no zinc, where 
the green stain is used). At the same time, the composition of 
the glaze can be made to exert a marked effect upon the resulting 
color. I have a fine chocolate brown stain produced from ZnO, 
Cr,O,, Fe,O,, B,O, and SiO,, which when incorporated in equal 
amounts in four different glazes maturing at the same tempera- 
ture (cone) will produce four browns very unlike. 


SCIENTIFIC MANAGEMENT AND THE BONUS 
SYSTEM AS APPLIED TO POTTERY 
MANUFACTURE 


BY C. J. KIRK, NEW CASTIE, PAY 


I attended a meeting of this Society last year for the first 
time, and heard a number of papers about the scientific analysis 
of clays and the different articles that enter into the manufacture 
of pottery. Nothing was said about the scientific management 
of labor. Now, labor enters into our manufacturing costs as 
much as clays and other materials, and I think is just as import- 
ant. We read in the magazines and trade papers about scientific 
management, shop efficiency and the bonus system, but I do not 
think that this plan has ever been applied to the pottery indus- 
try. Indeed, it cannot very well be, on account of the attitude 
of the unions; they will not permit it. About a year ago I read 
up on this subject, and then wrote to some of the people who. are 
introducing it into manufacturing establishments. Mr. Taylor, 
of Philadelphia, is one of the chief exponents of the system, and 
I wrote and asked him, what he would charge to furnish me a 
young man to put it in at our pottery. He advised that the 
charges were fifty dollars a day, and that it would take about a 
vear to install it. 

Now I object very seriously to giving any person more 
money than I make myself, so I did not engage this young man, 
but went at it and worked out a system of my own, providing 
certain demerit marks for the different faults that happen to 
ware in a pottery. Under our old system, after we drew a kiln 
we held a court. The ware was brought out and set down, and 
each man was charged with any of his pieces that were defective. 
For some defects we charged the price of making it; and for 
some where it ruined the piece, double the price. 

To reach just decisions by means of this court was always a 
very difficult matter. The man who made the defective piece 
-said that it was the kiln fireman’s fault, and the latter said it 
was the fault of the placer. The upshot of the matter was that 
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it was not anyone’s fault, and I would have to be ealled out to 
settle the dispute. 


In this new system we charge a man so many demerits for 
each defect that appears on the ware. These demerits are based 
on the seriousness of the fault. For instance: for poor finish 
he is charged with ten demerits; hollow casting is another fault 
that receives ten demerits. If the piece does not remain in the 
mold long enough, it does not cast solid and sinks in when it 
is fired. Trap showing, gets three points. If the trap is set too 
far to one side or the other, it shows on one side of the cioset. 
Cracked trap and poor pegging get five; the finish around the 
inlet three points. Where they finish it around the top they 
sometimes cut a channel, that is five points. Foot cracked through 
bolt holes, two points. Ware cracked in rim, ten points; dunt- 
ing, two points. 


We started this system on the first of last April, and Figure 
1 is the first inspector’s report from kiln drawn after that date. 
This kiln was drawn on the 14th of April. You will note that 
No. 14 was a very bad workman, and had 724 points against him. 
He was the only old union presser that we had in our shop. We 
are running a non-union shop. The 724 points against him were 
for this one kiln, and he had thirty-seven pieces in it. The col- 
umn at the left shows the workman’s number. We have some 
Italian casters, and No. 14 is the man who said that as long as 
we had Italian workmen, we would have trouble and have faults 
in the ware. Now, this record places him right away. When 
we make the record, each man has a little card made up with the 
number of demerits charged to him, and each fault that he had, 
and this card is pasted up in front of him so that the can see it 
all the time. At the end of the month we make a full report, 
showing the number of points against each man and his grade. 
The column at the right shows the number of defects; the next, 
the grade: Ist, 2d, 3d, 4th, and so on, up. At the end of the 
month we give the man who has the fewest demerit marks rank 
No. 1 and a bonus of five dollars; the man who has the next few- 
est demerits gets a bonus of three dollars; and the next, two 
dollars. That helps some, but it is not the real crux of the thing. 
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When we post this record in the casting shop, the men 
‘‘ouy’’ each other. They say: ‘‘You are a bum workman,’’ to 
the fellow that is at the bottom, and he is prompted by his ego- 
tism to get up a peg. I think that this has more to do with the 
improvement made than the bonus. 


Figure No. 1 is the inspector’s report on the first kiln drawn 
after the new system went into effect. That was on the 14th of 
April. Figure No. 2 is on the second kiln, made two days later, 
on the 16th. The average number of points against each piece of 
ware in the first kiln was 11.06. This man, No. 14, dropped from 
724 points to 94 in the second kiln; and the average dropped to 
8.6 from 11.6. Part of the ware in kiln No. 1 was made before the 
men knew that the bonus system was going into effect, but the 
ware in Figure No. 2 was probably all made, after they knew 
about it. 


Figure No. 3 is a report some thirty days later. Other re- 
ports had come in between, and the average dropped first to 
seven, and then to six, and had come down constantly with every 
kiln drawn. In this kiln, Fig. No. 3, which, as I have said, was 
drawu thirty days later than the second one shown, the average 
dropped to 4.36. 


Figure No. 4 is a report made sixty days later, and the av- 
erage has dropped to 1.4, and you see that the sheet is clearing 
up. This is a pretty clean sheet. Figure No. 5 was made thirty 
days after the preceding one, and the average has dropped to .9— 
less than one percent. Number 6 is thirty days later still, with 
an average of .68. We are getting pretty nearly perfect ware 
now, six-tenths of one percent. Figure No. 8 is a report showing 
an average of .21, about one-fifth of one percent of demerits. 
That was made November 14th. 

Up to the first of November we had a man that inspected 
each piece of ware, before it went to the kiln. Then we decided 
that he was not needed, so we let him go. We thought that after 
this the average would run up again. It was then running .65, 
.68 and along there. After we gave up the inspection, however, 
it dropped down to one-fifth of one percent, because the men 
depended on themselves instead of on an inspector. That is our 
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record, .21. We have nothing better than that, and it runs be- 
tween that point and 40. I have a report with me, taken on 
the 28th of February, which shows .28. 


I think that this demonstrates the value of a record of that 
kind and of the bonus system; and I also think that it points out 
the way to solve the problem of union labor. This system makes 
the 'best man set the pace in your'shop. In the union shop, on 
the contrary, the poorest workman sets the pace. When we ran 
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a union shop, a presser made three siphon jet closets a day. This 
is all he could make, that is, the poorest workman could, but a 
good workman could make four or five. They would not, how- 
ever, allow him to do that. This system has changed the whole 
atmosphere in the shop. The men are now striving to make good 
ware. 

I confess that these results are a great surprise to me. I was 
a little skeptical about scientific management and the bonus sys- 
tem, when I first went at it, but the results have justified the 
trouble that we went through to put it in, and it can be adapted 
to any line of manufacture. 
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DISCUSSION 


Mr. F. W. Walker, Sr.: I should like to ask Mr. Kirk 
whether No. 14 is still working for him. 

Mr. Kirk: Yes, he took the prize last month. We made a 
good workman out of him. He now has ware come out of the 
kiln without any faults. He did not like the others to get ahead 
of him. 

Mr. Truman: How many men do you employ, Mr. Kirk? 

Mr. Kirk: We employ thirty casters. 

Mr. Truman: You apply that system just to the casters? 

AU aed AR ENE be 

Mr, Minnemann: I should like to ask Mr. Kirk whether the 
loss of less than one-half percent is the total loss in the kiln, and 
whether he has any trouble in crediting the loss on each piece to 
the particular man responsible for it? Is there never any ques- 
tion ? 

Mr. Kirk: There is no controversy at all. We do not hold 
a court. The inspector puts down the faults, and we have no 
trouble; that 1s eliminated. 

Mr, Shaw: I understand that this is the ware after it 
comes from the kiln, and that the defects are noted and placed 
upon the shoulders of the man whose number that piece of ware 
bears. Does one man cast the ware, and also finish it and glaze 
it? 

Mr. Kirk: No, this is the inspection from the biscuit kiln. 

Mr. Shaw: Each man handles his own piece of ware and 
casts it and finishes it for the kiln? 

Mr. Kirk: Yes, and we pay good from the kiln. 


THE COMPRESSION, TENSILE AND TRANSVERSE 
STRENGTH OF SOME CLAYS IN THE 
DRIED STATE' 


BY A. V. BLEININGER AND W. L. HOWAT, PITTSBURGH, PA. 


In work now being carried on in our laboratory, a number 
of the tests applied to clays in the dried state are to be examined. 
In this respect, two classes of tests must be distinguished, the 
direct tests upon the materials in the plastic state, and the in- 
direct methods to which they are subjected in the dried state. 
It is evident that those of the second class are not entitled to be 
called plasticity tests, proper. Still, they are of considerable 
interest, inasmuch as they express the mechanical strength of the 
clays when dried, and since it is a fact that, broadly speaking, 
the more plastic clays show greater strength than the leaner ones. 
Although a considerable number of such tests, especially relating 
to tensile strength, have been published, it was thought desirable 
to compare a number of typical clays, with reference to their 
tensile, compression and transverse strength, taking care to use 
a larger number of specimens than is common and maintaining 
closely controlled conditions of drying. At the same time, it 
was considered advisable to improve the drying conditions by 
using mixtures of the materials with standard Ottawa sand, so 
largely employed in cement testing, in the proportion of 1:1, by 
weight. In this manner the question of bonding power is intro- 
duced, which is closely related to plasticity. The grains of this 
sand correspond to the size retained between the 20 and 30 mesh 
sieves. 

In all cases a sufficient quantity of clay for making up the 
specimens used in all three of the tests was prepared by pugging 
in a wet pan. The clay was kept in a moist chamber in the shape 
of a large lump from which the required amounts were taken for 
the molding of the pieces. 

The tensile briquettes were molded by hand in the usual 
manner, in brass molds. The shape of the specimens differed 


1 By permission of the Director, Bureau of Standards. 
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from the one commonly used, and was the one employed by the 
Germans, the essential difference consisting in a groove at the 
center of the narrow portion. This was found to be a satisfac- 
tory shape resulting in better breaks than are obtained with the 
ordinary cement briquette. In a number of eases, additional test 
pleces were made by attaching the briquette mold to a small 
auger machine and pressing a bar of clay which was then cut 
into the required thickness, 0.9 inch. These pieces are designated 
as ‘‘machine made.”’ 








In all cases the specimens were allowed to dry at room tem- 
perature for one week, then at 75° C. to constant weight in a gas 
dryer, and finally at 110° C. in an electrically heated Freas oven 
with automatic temperature control, according to the method 
proposed by Kerr. The pieces were tested, immediately after 
removal from the dryer and cooling in a desiccator. The 
briquettes were broken in an apparatus built in our machine 
shop, provided with an automatic shut-off for the shot, illustrated 
in Fig. 1. This device was found to be considerably more accur- 
ate than the use of the Fairbanks or similar cement testing 
machine; (2229-6 4 2s: ce 
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The specimens for the compression tests consisted of two- 
inch cubes, molded by hand in brass molds. When dried, in the 
manner described above, they were surfaced with sand paper 
and erushed in a hand driven Olsen machine of 10,000 pounds 
eapacity, and reading accurately to 2 pounds. 

For the transverse test, bars 1 in. by 1 in. by 61% in. were 
made in brass molds. They were tested, with a span of five and 
a half inches between supports. The steel knife edge at the cen- 
ter had a radius of one-half inch, and the end supports were 
~ slightly curved in the direction of their length in order to afford 
better bearing for bars somewhat warped. The modulus was 
calculated in the usual manner from the formula: 

) Fl 
M= — . —— 
2 bd? 


where M=—modulus of rupture; 
F' = breaking load; 
|= length in inches between supports; 
ib = breadth, in inches; 
d = depth, in inches. 


For each test the number of specimens made was 50 for each of 
the first nine and 20 for the last seven clays, the total number of 
pieces being about 3800. The results of the work are compiled 
in Tables I, II, and ITI. 


DISCUSSION OF RESULTS 


Tensile Strength. By arbitrarily dividing the clays into 
four classes, according to their tensile strength, the different 
types are distributed as shown in Table IV. 

It would seem that the addition of standard sand affords a 
more satisfactory classification than the use of the clay alone. 
The average percent deviation from the mean value is much more 
consistent in the sand series, and the average of these averages 
also is lower for the latter, being 6.1 percent as compared with 
8.17 percent. The value of tensile strength tests made upon all 
clay specimens seems to be questionable; the addition of standard 
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sand would undoubtedly tend to make them more useful and 


comparable. 


Compression Tests. Again adopting an arbitrary classi- 
fication embracing four divisions, the clays are found to be dis- 


tributed as follows: 


TABLE V—COMPRESSION TESTS 
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© (600-400 Hhs.)> os. L 3 
DT C0020 sd en Ue 

With Sand 

A (800-600 Ibs.) ...... 2 be ot ats 
Br h600-4000 Tose % vac. 3 2 2 1 
C. (400-200' Ibs:) 2.5... wis as we 2 
POUT DEL nc. oss 





PRIMARY 
KAOLINS 
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From this grouping it follows again that the sand mixtures 
prove much more consistent than the all-clay specimens. The 
latter, however, show slightly better agreement among themselves 
as is shown by the lower average percent deviation from the 
mean, which is 6.6 percent, as compared with 7.5 percent for the 
sand series. 

Transverse Tests. Again adopting an arbitrary classifica- 
tion of the divisions the clays are found to be distributed as 
follows: 


TABLE VI—TRANSVERSE TESTS 


PLASTIC 
FIRE CLAYS 


PLASTIC 
KAOLINS 


PRIMARY 
BhetEe KAOLINS 


BALL 
CLAYS 














Without Sand 


eM Bees! 


A (600-500 lbs.) pe 
SG. title) eee 2 t <3 

(3002350 Ibs) ewer. 3 1 2 oe 

(350-200) tbs. )oieunee: rs ane it 3 ae 

(200-O0n1S.)) 25. eee Eve ih ate ae 3 

With Sand 

At (3502275. 1bs))>. 3 if ay ae AF 
Be (275-200 lbs.) see ee 2 uh i al 
CG (200-100: Ib Ss) eens ne are 2 2 Phe 
1 C1002 OU bs: ): pete eee a 2 on 3 


It seems that the transverse test offers a more satisfactory 
method for comparison than either of the preceding ones, at least 
from the experimental standpoint. The average percent of 
deviation from the mean is also less in this case (using clay-sand 
specimens). The recommendations of previous workers, concern- 
ing the advantage of this form of tests, are hence confirmed. All 
of the tests upon the dried material are very unsatisfactory, when 
used as an indirect means of measuring plasticity. On the other 
hand,they may become of value in the comparison of clays of the 
same kind, as a check upon different shipments. 

The compression test proved especially disappointing, and 
shows the greatest variation from the average ranking of the 
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different clays. The tests with sand were more consistent in this 
test, than those without sand. 

The average ranking of the clays based on all the tests is in 
the following order: 


TABLE VII 


CLAY RANK 


etc my eas Atl OLA Vabe Nl Ord MLSs eo ool HAR Gh We ria React ae 
ieee eal Cl aviaaN Ory bh. gir cis «dae 'yb,.cko wap ab eeeebe te 6 ER 
Notte Covey Maer a CLAY Mec ty oc co, BN ae y SBacelat a ie temiaad'» acd 
Mdm NG COR CIA Vert one ye ay 6 Se we baues ce ees Cea s 
oS REPO IT IGE? STRESS Al RS a 
Bie Hee SCCM a eRe et ya N One bats bec ens bs dle a was dng oo wea lees 
levels ndessita len ..0i3 Seki ae. Fs Na es Ae Or ey Se a 
See ce Cian all Chal Vinci Rtk, Cul Scrat es, bait ec diet Phe wa chseieia ote 
Ree ES te Ee ars ts a a wae tin cua ugha #0 
Cant oiresiale. er essa Dlg STS eR ae Oem 
ee he a es OL TINED CA ur aA eed Tacs Ny Ww 6 Mewials «baie stene ace e wets 
GREET Ee EE oe TCO: BUS AGP Se ge A ee 
EOUOaiG Aaa O Eten Misa erect ee Soho. Shia alow SAM 
Eile G eilire MeOUri a eid Odi ns ere eek yO ee kgs anavgiare’ ee Os 
ieee eC iia MCIy VI NO. tt On Sebee ONO P TSS ys vies do hlciin 6s 
DDC UNI) ES a We ye Giare s lla s AS a pn SOR ae A, oe ae ag 15 


oo naonrnrnri DQWwwor 


Kem Ox Co) COm OU om Go) OU NGO m COCO omc 


pt pe pe fet 
CEES OS 


This rating indicates the remarkable strength of the M. & 
M. ball clay which seems to be in a class of its own. An interest- 
ing fact is the close approach of the No. 3 Ohio fire clay to the 
ball clay basis. A distinct gap seems to occur between the first 
four and the succeeding clays. Among the next six clays we 
find included, shales, a plastic fire clay and ball clays. This 
group 1s followed by the three plastic kaolins and finally by the 
primary kaolins. 

Conclusions. 1. In all tests of this kind, the variations 
from the average are so gre*t that no meaning can be attached 
to the results, unless at least 20 specimens have been broken. 

2. The tests with the use of standard sand emphasize the 
bonding power of the clays, and hence are not comparable with 
those without sand. Thus a shale may rank high in strength, but 
owing to its low bonding power, this rating will be reduced 
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markedly upon the addition of sand. Wherever the bonding 
power of the clay is an important requisite, the sand tests 
should prove of greater value than those of the unmixed mater- 
ial. This applies particularly to ball clays and the plastic fire 
clays. As a rule, the clay-sand mixtures are more apt to be 
more consistent than the clay alone, provided the mixing of the 
materials is accomplished thoroughly. The drying difficulties 
are obviously greatly reduced. 

3. In rating the clays with reference to their general plas- 
tic character, the transverse test with sand stands highest, fol- 
lowed by the tensile test, with sand. The same statement is true 
also with reference to the mean deviation from the average re- 
sult. 

4. Any strength test of clay in the dried state can consti- 
tute, at best, but a rough, indirect attempt of estimating plas- 
ticity, and fails in differentiating between the various kinds and 
degrees of plasticity. On the other hand, such determinations 
have a direct practical value in connection with the drying of 
clays and the bonding power as shown under heading 2. 


DISCUSSION 


Mr. Parmelee: What is the tensile strength of the Edgars 
Florida clay? 

Mr. Howat: Florida clay? 

Mr. Parmelee: Yes, what is its ordinary tensile strength 
test ? 

Mr. Howat: As a maximum 121, as a minimum 110, and 
as an average 104 pounds per square inch. 

Mr. Parmelee: The results that have been published vary 
anywhere between 130 and 90. My own experience is that is 
approximately 90 pounds per square inch. 

Mr. Howat: We found it to be about 104 pounds. 

Mr. Lovejoy: Where was the No. 2 Ohio fire clay from? 

Mr. Howat: It is the Aultman clay. 

Mr. F. R. Allen: How does the tensile strength of the 
cross-breaking test compare with the straight tensile strength? 
Is there any proportional relation between them ? 
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Mr. Howat: The relation is shown in the table. For in- 
stanee Tenn. ball clay No. 1 was the sixth in rank in tensile 
strength and the fifth in transverse; Canton shale was tenth in 
both. 

Mr. Allen: How do the values compare? Do you get a 
greater strength from the transverse than from the tensile 
strength ? 

Mr. Howat: The transverse test is expressed as a modulus. 

Mr. Allen: How does your modulus compare with the ten- 
sile strengths? Do you find them of the same order? 

Mr. Howat: The highest is the cross-breaking strength. — 
For instance, in the M. & M. ball clay, the tensile strength is 110 
pounds per square inch, and the cross-breaking strength is 558. 

Mr. Hice: I should like to ask whether it is the Clarion 
clay or the lower Kittanning. This is a very indefinite proposi- 
-tion. They generally work in Clarion. 

Mr. Howat: I think it is Clarion. 

Mr. Hice: Most of the work at Kittanning is in the Clar- 
ion. ) 

Mr. Howat: It came from MeNees. 

Mr. Hice: The MeNees people are now working the Clar- 
‘ion. 

Mr. Lovejoy: My question about No. 3 fire clay was along 
the same line, there are many clays being used as that, which are 
not No. 8 at all. 


NOTES ON THE DEVELOPMENT OF THE RUBY 
COLOR IN GLASS 


BY A. E. WILLIAMS 


The term ‘‘ruby glass’’ 1s applied to red glass colored by 
the use of copper, gold, selenium and in some eases, flowers of 
sulphur, the color varying considerably in intensity and shade. 
In case of copper, the color varies from amber to various shades 
of reds to brown and to opaque black. With gold the red has a 
rose tint, and selenium ruby seems to be a brighter red of vary- 
ing intensities. .The red from sulphur is rather unreliable, in 
that a uniform color is hard to obtain, and: therefore only used 
for lower grades of glass. 

Copper and gold reds are said to be due to the metals in 
suspension as colloids. 

V. Poschl? describes the preparation of Purple of Cassius 
from gold, and shows that the red or the purple gold-hydrosol 
may be obtained, depending upon the proper electrolyte present. 

Paal’s? process for the preparation of colloidal solutions 
shows that a red or blue hydro-sol of copper is obtained, depend- 
ing upon the properties of the solutions. 

In G. Bredig’s? method of producing colloids electrolytically, 
he obtained finely divided metallic gold, dark purple in color, 
when the are takes place under distilled water. If a trace of 
caustic soda is added, deep red color is obtained. 

That copper and gold are in the same condition in glass as 
in solutions is proven by the use of the ultra-microscope. 

Zsigmondy* says that ruby glass will become red, or remain 
colorless upon slow cooling according to its quality. It will al- 
ways remain colorless on chilling, the normal red color generally 
being brought out upon reheating to the softening point; (high 
lead glasses show yellow or brown instead of red). The coloring 
is due to the gold, which is at first homogeneously dissolved in 
ae ae Chemistry of Colloids, p. 55. 


2 Ibid, p. 66 
3 Ibid, p. 67. 
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the glass, later separating out in the form of ultra-microscopic 
particles which reflect green light. 

He compares this phenomenon with devitrification, and re- 
fers to Tammann’s® work on devitrification. Tammann shows 
that the speed of crystallization, and the ability to crystallize in- 
crease with diminishing temperature from the melting point and 
then decrease again, while viscosity steadily increases. Zsig- 
mondy applies Tammann’s results to ruby glass in this manner: 

“Ruby glass is worked several hundred degrees lower than its 
melting temperature. At the working temperature, conceive it as a 
super-saturated crystalloid solution of metallic gold and the smallest 
amicroscopic particles to be centers of crystallization, it will at once 
be seen why ruby glass sometimes remains colorless upon simple 
cooling. In this case the optimum temperature for spontaneous 
crystallization is so low that the glass is very viscous and the speed 
of crystallization reduced to a minimum. If by reheating, the glass 
acquires a certain mobility, the gold separates out upon the nuclei 
present which by growth become sub-microns, visible in the ultra- 
apparatus and turning the glass red or darker.” 

V. Poschl® says that gold ruby is obtained by an addition 
of gold chloride to the glass melt from which particles of gold 
separate out, when the mass is quickly cooled. These particles, 
however, have the magnitude of amicrons, so that the glass ap- 
pears colorless. By heating anew until the glass becomes soft, 
the particles grow until they attain the size of ultra-microns, to 
which the cause of the red color is traced. The preparation of 
copper ruby glass is performed by an analogous method. 

Copper ruby has, in the past, been made by a process known 
as flashing. This process is described somewhat as follows by 
Rosenhain :7 

“Flashing glass is the process of placing a very thin layer of 
colored glass on the surface of a more or less colorless glass of usual 
thickness. This is generally accomplished by taking a small gather- 
ing of the colored glass on the pipe, and the remaining gathering for 
the piece to be made from the colorless glass pot. When this glass 
is blown, the ruby glass lies in a thin layer over the inner surface of 
the cylinder. The special skill required is in blowing this layer to a 
uniform thickness to obtain a uniform color.” 


* Zsigmondy, Colloids and the ultra-microscope, p. 165. 
5VYanimann, Zeit. for Electro-chemi, 1904, Vol. 10, p. 582. 
SAabid ds p..103: 

7 Walter Rosenhain, Glass Manufacture. 
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' The necessity of flashing is due to the density of the color. 
Copper colors are so dense that many glasses are opaque when 
over 3 m.m. thick, the color depending upon the composition and 
rate of cooling. However, it is posible to control the density of 
the color somewhat in the flashed ruby glass by carefully con- 
trolling the temperature of working the glass and rate of cooling 
in the molds. 

These factors must be controlled very carefully in practice 
to produce uniform results. If these glasses are cooled very 
quickly, as for instance, chilling in water or rolling very thin 
(2 m.m. thick) on an iron plate, the red color will not develop, 
or at least shows only in scattered streaks. By reheating at defi- 
nite temperatures, the color may be obtained in varying degrees 
of intensity from amber to opaque black, depending upon the 
temperature to which the glass is reheated. Thus it will be seen 
that the temperature and rate of cooling must be constant, to 
produce a uniform shade of red when this color is developed 
during blowing. 

At the present time, however, copper ruby giass is being 
made in which the color does not come out in the pressing or 
working, but is brought out later ‘by reheating. The density of 
the color in this glass is very much less than the flashed ruby 
glass, and pieces of greater thickness can be easily made. The 
color ranges from a light amber through reds to a dense opaque 
black, with an increasing temperature. 

Available literature consulted on the subject gave no com- 
plete or definite methods for working ruby glass, but emphasized 
the necessity for care. 

The following are some formulae and directions obtained : 

Gerner,® gives a history of copper ruby glass and a number 
of mixes with methods of handling. The following are two of 
the batches given by him: 


® Gerner, “Glas,” p. 195. 
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GERMAN COPPER GLASS 
100.0 Sand 
25.0 Potash 
17.0 Borax 
20°Cu.O0 
2.0 SnO, 
0.2 FeO, 
2.5 MnO, 
0.5 Bone ash, 
Calculated Formula? 
0.200 PbO 
0.890 K,O 
0.120 Na,O Be, ae 4.36 SiO, 
0.095 CuO 0.0044 P.O. 0.09 SnO, 
0.079 MnO es 
0.014 CaO 


FRENCH COPPER GLASS 


This batch is fused, chilled, dried, ground 
and mixed with 1 Cu,O, 1.5 Sn0O,, 5 cream 
of tartar. This is melted and blasted one 
hour during melt. 


100 SiO, 
50 Pb,O, 
25-4 CO, 

5 NaNO, 


Calculated Formula 


0.534 PbO 
0.346 K,O 


| 3.900 SiO, 
0.074 Na,O | 


0.034 Sno, 
0.046 Cud 


Notes on ruby glass from Sprechsaal!® give the following 
by translation : 


“In the manufacture of ruby glass it is not in the field of the 
furnace man to control the color. Repeated fusion and cooling makes 
the best color, and the color does not depend as much upon the per- 
cent of coloring oxide in the mix as upon the temperature of the 
glass while working, the rate of fusion and rate of cooling the fin- © 
ished piece.” The following batch is given: 
sane? The eeapinical formulae of all glasses given in the following work were calculated 


by the writer. 
10 Sprechsaal, Feb. 6,.1913, p. 92. 
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LIGHT RED DARK RED 
SOM Saleen reas co We alg na) er 100.0 kg. 100.0 kg. 
SOda ASM sonis, Mike Hoan oe a ee 16.0 kg. 16.0 kg. 
POta site ote eres eee Soe ance nee ee 16.0 kg. 16.0 kg. 
Borax: .f0ek shee Cds Pa a cee ee 4.0 kg. 6.0 kg. 
WV ATE ere eens, os 1 Sc sella ae “i a ee 10.0 kg. 12.0 kg. 
IW Ite rst ee Sc srsic ttc onc hw lee 10.0 kg. 10.0 kg. 
Cis as eed ek & See 2.0 ke. 4.0 kg. 
a) 1 O Senn nana enna oe uy Se bce St 2.0 kg. 4.0 kg. 
Bes ge ee el wt eee O25 ke: 1.0 keg. 
Cream of tartar s22Gha ses elec ee eee 0.8 kg. Be kee 


Calculated Molecular Formula 


385 Na,O 


210 K,O | 3 
222 Cad 0.0860 ne: Se Si, 


110 BaO 0:06605B,02< (020345005 
.064 CuO | 


Sao 2&2 © 


“The manufacture of ruby glass demands great care and practice 
in working. This is especially so with pressed glass. The raw batch 
should be put into a preheated pot and melted six hours. The melt 
is blasted several times and poured into cold water for remelting and 
refining. If the pressed pieces are not colored enough they can be 
reheated. The mold must not be too hot to allow the glass to cool 
too slowly, or too cold to chill and cause the pieces to crack. The 
following batch is also given:”” 


San Ge. sic lett hee AeA eee ee Meee a eee 100.0 ke. 
Potash... 3.28 f. eee cee eee ee eae Cane 25.0 kg. 
Red lead ). A000. Se iecuee ac eee ee eee 25.0 ke. 
BOP tte gale sk htt cee ne apie eee 10:20°-ke. 
Soda. . distr Se ee 5.0 kg. 
Cite ci aie ee Ee Se eee ee rg 3.5 ke. 
STLOMe oi, jo wa Seated tee nei aia oa te eee a 20s i 
Hes Og sry Se Ais wer cates cal Tie te ae oe ee ee 0.5 ke. 
i: a @ Sone nt Ue eee BN Sn EIN pe Ty 5c? 0.5 kg. 
Cate “ixce stad hhapt as a cena cere oe eer ee 25 0° key 
Cream Of! tartar pac. as ae ee ee ee eee Oo be koe 


A THeniel IMO; yoy, Oe 
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Calculated Molecular Formula 


0.2020 K,0 

Pe eo 00088 Fe,0, one Bae 
PyUUine (OnO> 5 IN a 
0.0079 MnO, 


Rudolf Hohlbaum!? says that red colors may be obtained by 
the use of Cu,O, selenium, sulphur and gold, but is most often 
obtained from Cu,O. He gives the following batch for a copper 
ruby: 


100.0 SiO, 

34.0 K,CO, 

16.0 CaCO, K,CO,=80 to 85 percent pure 
0.6°Cu,0 
2.0 SnO, 


Calculated Formula 


0.5386 K,O 
0.440 CaO 
OF 025"Cu0 


4.570 SiO, 
0.041 Sno, 


Hohlbaum says: 


“Concerning the mixing of the Cu2O, I wish to remark that it is 
possible to obtain the ruby color with 0.4 percent CuO, also with 
0.8 percent. However, with 0.8 percent of the batch as CuO the color 
is so dense that large masses are not workable. As such a small quan- 
tity of CuzO is needed to make ruby, it is mixed best by using 0.8 per- 
cent Cu2zO and SnO with half the batch of glass. When the glass is 
ready to blast then mix the batch containing 0.8 percent CuezO with an 
equal batch of crystal glass, and a 0.4 percent CuO batch is obtained 
which gives a weaker color. It is best to employ SnO as a reducing 
agent to insure the obtaining of a ruby color, and one finds from 
practical experience that the mix must contain less than double the 
quantity of CuzO as SnO. If this is not sufficient reducing agent, 
cream of tartar may be used in quantities to satisfy all conditions. 
Iron scale may also be used as a reducing agent but the pure ruby 
color is then changed.” 


127R. Hohlhaum, Settgemasse [erstellung Bearbeitung und Verzierung des Feinern 
Tiolglases, p. 125. 
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Hohlbaum!® gives the following batch for a gold ruby: 


Rose Color 


Satis melissa eh ss Gad ee ee eck ee 100.0 kg. 
P OLAS “uc ucs cas he woo neieee goer eee oe ee a 34.0 kg. 
Calcium: ‘carbonate. ...05 0. ee oe eee 1750) ke: 
Gold. SiS ech cee sais oe ee 16.0 gms. 


Gold must be brought into the mix in a very finely separ- 
ted form, best in solution or as Purple of Cassius. 

To get the gold in solution, it must be cut into small pieces 
and dissolved with aqua regia. The gold solution is poured on 


part of the mix, and this mixed with the balance 


of the batch. 


In the heat of the oven, the decomposition of the gold 


chloride takes place so rapidly, that a portion of 


the gold chlor- 


ide is carried away undecomposed. There is, therefore, not so 
much gold dissolved in the glass as is introduced, and the color 


is much weaker than it would be, if all the gold 


were dissolved. 


It is, of course, reasonable for one to try and reduce the vapori- 


zation of the gold chloride as much as possible. 


This may be 


done by pouring the gold chloride on 1 kgm. of sand and evap- 
orating to dryness. Then mix this well with half of the batch, 


or use gold purple in the same manner. 


According to Hohlbaum’s experience, either phosphoric acid 
or barium work favorably in the making of gold ruby, causing 
the gold to separate out more rapidly. Without either, the ruby 
is too hght. A batch for making a rose glass with a violet tinge 


with the use of barium is given. 


Rose Glass with Barium 


SAG) sven rte key sega ak ie et ee ae ee 100.0 kgm. 
BaC Oy" Breen ho setae eae tae a eee ee 16.0 kgm. 
95. percent soda, Nas) eke, eee 43.0 kgm. 
C0 Ce IP erEPRIRae REE Comper nag eh PEF oe 12.0 gms. 


Selenium Ruby, Light and Rose Colored 


ATSOD IC 6.5 nap ose ee ee ee 200.0 gms. 
NEN OMe PMT, PERI one Ge wc da 4 oe 100.0 kgm. 
Potash, 80-85 pencenta, = ene eee ee 34.0 kgm. 
OF: © 6 Rae Ser Ot aT Ay oA cas BS 17.0 kgm. 
Seleniiim.: iitrates sas ee eee ee ee 120.0 ems: 


Morel UWA, jos ALA. 
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In the reds with sulphur, one should not use the alkali sul- 
phates, but only sulphur with charcoal as a reducing agent. The 
charcoal keeps the sulphur from combining with the soda and 
potash. In sulphur ruby, a great part of the sulphur vaporizes 
in the working. The melting glass foams vigorously, and there- 
fore one should fill the pot only half full at first, and after the 
batch reaches quiet fusion put in the second half. 

Sulphur ruby is hard to make in uniform colors, and dark- 
-ens in the muffle. It is not used for making higher grades of 
glass. Two batches for sulphur ruby are given: 


Nos! INO 2 
Se Geer ah ach aes oWer ia iel SA es Chk kee 100.0 kgm. 100.0 kgm. 
se CLA) Vhs Seat reel ORE, oe eed ere ee Wee 45.0 kgm. 45.0 kgm. 
tO mn cis we Gl. Bie rh ec. «5 20.0 kgm. 20.0 kgm. 
Peo eremoursu nui ies. steer. eo 1. OV kom: 10.0 kgm. 
Ew iO Hive ASip ates eins Pa Saws Sap ws 5.0 kgm. 
iad BEES O OIE OE et . ered re Carne ce ng ae en 2.0 kgm. 


EXPERIMENTAL DATA BY WRITER 


The foregoing typical batches for ruby glass are but a few 
of a large number given in the literature pertaining to giass 
making. An examination of these shows a wide variation in com- 
position, but all agree in that they are high in silica and contain 
tin. In copper ruby, the amounts of copper and tin vary widely 
in their ratios to each other. These copper rubies are probably 
used in the manufacture of flashed glass. 

In the beginning of the following experimental work, sam- 
ples of commercial copper ruby, both the quick-cooled coloriess 
and ruby colored were obtained. The uncolored sample was 
broken into fragments, and different fragments were heated to 
different temperatures for various lengths of time. A small 
Hoskins electric furnace was used, and temperatures were read 
with a Leeds Northrup potentiometer, using a platinum, plati- 
num-rhodium thermocouple. 
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The following results were obtained: 


PIECE 


CONRAaR WH 


10 
11 
12 
13 
14 


15 


16 


5 4 


18 
19 


MAXIMUM 
TEMPERA- 
TURE 


eC 
500 
500 
550 
550 
575 
575 
600 
600 
600 


600 
650 
650 
650 
675 
675 
675 
700 


700 
900 














TABLES 
TIME HELD 
AT MAX, REMARKS 
TEMP. 
minutes 

30 No change in color 

60 No change in color 

30 No change in color 

60 No change in color 

1 No change in color 

30 No change in color 

1 Very light amber 

15 Very light amber 

30 Bright amber, slightly darker 
than No. 8 

60 Bright amber, same as No. 9 

J Bright amber, same as No. 9 

30 Deep ruby, edges slightly soft- 
ened 

60 Same as No. 12, edges slightly 
softened 

1:5 Same as No. 12, edges slightly 
softened . 

30 Same as No. 12, edges: slightly 
softened 

60 Darker than No. 15, edges 
slightly softened 

1 Same as No. 10, edges slightly 
softened 

30 Dark red, edges slightly softened 

30 Grayish purple, opaque, softened 


out of shape 





The rate of increase of temperature was a constant factor 
in all of these tests, as follows: ten minutes from room tempera- 
ture to 300°C; 300°C to 500°C at rate of 50° per minute; 500°C 
to maximum temperature at a rate of 25° per minute. 

The results seem to show that the color at any definite tem- 
perature is practically constant, and that the color change at 
that temperature is apparently instantaneous. However, time is 
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required for the temperature to even up through-out the thick- 
ness of the piece. 

It will be noticed that the glass shows signs of softening 
at that temperature at which the strong color develops. This is 
probably the softening point Zsigmondy' refers to in the article 
previously quoted. It is observed that there is little or no ap- 
parent change in color brought out between 650° and 675°, giv- 
ing a safe range for an annealing oven. 

Most of the glass formulas observed were high in lead and 
in silica. Accordingly the following formula was selected, it 
being the upper silica limit for most glasses: 


O52 PbO 


0.5 Na,O Bees 


In order to determine a suitable method of working, several 
small batches of this glass were fused. The method adopted was 
as follows: 


The glass was fused in Battersea crucibles in a small pot 
furnace using gas and compressed air. The temperature range 
required for firing and to make the glass liquid enough for pour- 
ing, was ‘between 1480°C and 1520°C. One-half hour was taken 
for complete fusion of the lead glasses and one hour for the lead- 
less glasses. 

Not much trouble was experienced in reducing the copper 
oxide and preventing oxidation. Although a slight reducing 
flame was used, the presence of cream of tartar (about 14 per- 
cent) seemed to make reduction certain, if the time of heating 
was not too long. 

When fusion was complete the glass was poured on a heavy 
east iron plate 1 in. thick, and then rolled to a thickness varying 
from 2 to 5 m.m. The thinner portions usually cooled colorless, 
and the color developed in the thicker, slower cooled portions, 
i. e. turning red or opaque brown or black. 


‘4 Tbid 4. 
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SERIES A 


Glass batches were then made corresponding to the for- 
mulas given in Series A. 

The following results were obtained: 

Number 1—Colored out very dense opaque grayish-brown 
color. | 

Number 2— (Decreasing the coloring agent.) This poured 
well, and cooled practically colorless at 5 m.m. thick. Softened 
out of shape at 675°C. and colored out, streaked with reddish 
color. At 700°C. it became dark brown, opaque and still 
streaked, very soft. 

Number 3— (Increasing tin to harden.). This poured well 
and was colorless except for a pale greenish-yellow color at 5 
m.m. thick. 

Heated to 480°C, gives amber color, 

Heated to 525°C, gives deep red color, 

Heated to 700°C, softened out of shape giving a dense, 
brown opaque glass. Color change very rapid. 

Number 4— (Decreasing the Cu,O to reduce intensity of 
color). Color deve oped darker than No. 3 in pouring, having a 
greenish cast. Heated to 600°C, its color was deep opaque, and 
nearly black, amber at 550°C., and brown at 575°C. 

Number 5—Developed a rather intense brown color while 
pouring. Thin colorless sections gave a deep greenish brown at 
900°C. and a dense opaque black at 600°C. 

Number 6— (Still reducing amount of coloring matter). 
This glass poured c!ear and colorless. On reheating, it changed 
to opaque black from 550°C. to 600°C. Color change very rapid. 

Number 7—(Coloring matter left out to test purity of ma- 
terials for iron). This glass on reheating at various tempera- 
tures gave no change in color. 

The conclusions from this series of glasses, (excluding No. 
1) are: 3 


(1) Low amounts of copper seemed to increase the density 


145 This glass was not melted well enovgh to judge results. 
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or opacity of the color, and decrease the signs of red, giving 
ereenish browns. 

(2) An increase in the tin in No. 3 stopped the streakiness 
shown in No. 2. 

(3) Glass No. 3 was the best glass in series A, giving a 
colorless glass when poured and cooled quickly. Reheating 
showed shades of good red at various temperatures. However, 
the color change is so rapid, it would be difficult to control uni- 
formity of color. 


SERIES Al 


Series A, was constructed in order to obtain harder glasses. 
than those in series A, by replacing PbO with CaO so as to raise 
their temperatures of softening, and to determine how this af- 
fects the range of color change. | 

Glass No. 1 of this series showed a dark brandy color on 
pouring, coloring out quicker than No. 3 series A, which con- 
tained the same equivalents of Cu and Sn. This glass did not 
soften out of shape on reheating at 700°C., as did glass No. 3, 
series A, but gave a dense opaque color. If it could be handled, 
without coloring in pressing, this glass gives a good transparent 
red at 5 m.m. thick, upon reheating to the proper temperature. 

Glasses Nos. 2 and 3 (reducing Cu,O). Colored out quite 
dense, on pouring becoming nearly opaque. When reheated 
above 600°C. the glass turned a deep opaque purple. 

Glass No. 4 (reducing SnO,). This glass seemed to color 
out as rapidly as Nos. 2 and 3. 

The conclusion which may be drawn from this series is that 
the rapidity of precipitation, or growth of color is increased, in- 
stead of decreased, as would be expected by hardening the glass. 


- SERIES B 


The basal formula for this series is one of the published 
formulas given in Sprechsaal.!® It is a high lead, low silica 
olass, containing some borax and is a much softer glass than 
series A and Al. 


16 Ibid 10. 
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The results showed this very markedly. The fusions, made 
at the same temperature range 1480°C and 1520°C, were more 
fluid and poured easier. 

Numbers 1, 2, 3 and 4 developed deep opaque glasses when 
poured 4 to 5 m.m. thick. The thinner portions, however, in- 
creased in degree of transparency to about 2 m.m. at which 
thickness the glasses cooled colorless, but of course very brittle. 
Upon reheating, the co.orless pieces of these four glasses colored 
to about the same color density when heated to the same tem- 
perature. At 500°C, they showed an amber color changing to a 
iight red at 525°C., and..to a ruby color at 550°C., becoming 
opaque at 6U0°C. Leaving out the iron, or manganese or both, 
(especially the latter), seemed to improve the quality of the red 
and to give a less dense color. This type of glass gives a 
much better red color than any of series A, but it 1s impossible 
to work with sections as thick as commercial giass pieces would 
be made and still obtain a transparent color. However, it would 
work as a ruby glass in making flashed articles and give a good 
color. Manganese dioxide and Fe,O, are detrimental rather 
than helpful in obtaining good colors. 

In series B, Numbers 5, 6 and 7 (in which SnO, is absent), 
the glasses were more opaque in all cases. Number 7 colors out 
even in the thin sections to a dense black. 

In glasses Nos. 8, 9, 10, 11 and 12, the tin was kept constant 
and the copper varied. In ali cases the tendency was to increase 
opacity and the rapidity in which the color appeared on pouring. 

In glasses Nos. 13, 14 and 15, in which the tin was increased, 
no beneficial results were obtained, since these glasses were more 
opaque than the preceding ones in the group. 

The ruby color in glasses as soft, and as low in $10, as the 
members of this group cannot be controlled. However, when 
B1 and B2 were melted, quenched in water and remelted, there 
was an improvement, since all signs of streakiness disappeared, 
and the color became very uniform on reheating. 
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The basis of this series obtained from Hohlbaum’ is en- 
tirely different than series B. It is a lime-potash, high silica, 
leadless glass, with high tin, therefore, a comparatively refrac- 
tory and viscous glass at low temperatures. One hour was taken 
for fusion. 

Hohibaum’s batch ealls for SnO as the reducing agent, 
ererm of tartar being added as a precaution to insure sufficient 
reduction. Number C-I was first made by substitution of 
SnO, for SnO, and leaving out the cream of tartar. An oxidized 
clear colorless glass was the result, giving no color change when 
reheated beyond the softening point. 

Number C-I was again made using SnO, and 0.5 percent 
cream of tartar. This glass was exceedingly viscous and quickly 
cooled below the point of easy pouring. Upon pouring and roll- 
ing, (a.though taking a little more time), no color change took 
place, the glass remaining clear and colorless. 

Upon reheating, no color change took place until 

800°C. was reached, when a lght amber color was 
obtained, 

850°C. gave a pale reddish brown, 

900°C. gave a light brown, 

1000°C. softened with an opaque brown color. 

The red color was not good in this glass and it seemed to be 
entirely too refractory. 

Series C, No. 2. (Reducing SiO, to soften). This showed 
an improvement in the working qualities with no tendency to 
eolor out on pouring. 

Reheating this glass gave the following results: 

800°C. a distinct light red, 

850°C. a good ruby color, 

900°C. a deep dark red nearly opaque when 4 m.m. 
thick. 

Series C, No. 3 (reducing SiO, still further) gave a fusion 
which poured colorless and flowed freely. Reheated to 850° it 
showed a reddish brown, slightly streaked. 900° showed a dis- 
tinct deep brown. 


17 Ibid 11, p. 125. 
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Series C, No. 4 (less SiO, than C3). Poured clear and col- 
orless but when reheated to 850° became more streaked and 
showed a more decided brown. 

Series C, No. 5, poured clear and colorless as the others, but 
showed brown streaks. When reheated to 800° it showed a very 
streaked brown color. When the glass was remelted and re- 
poured it gave a very clear glass. 

Upon reheating this to 750°C. the color came out a clouded 
black, increasing in intensity with the reheating temperature. 

The foregoing five glasses in group C show that: 


(1) Reducing the SiO, from 4.57 to 4.0 molecules improved 
the color in this series. Further reduction, however, changed 
the color to browns and then blacks, giving about the same range 
of brown and blacks with 3 810, as series A gave, having 3 SiO, 
and small amounts of copper. 

(2) High silica seems necessary in order to deveiop a good 
ved color. The color change takes place at rather high tempera- 
tures for a reheating furnace, and the glass appears to be too 
viscous for good working properties. Glasses C6, C7 and C8 
were made by introducing PbO in place of part of the CaO with 
the idea of softening and, if possible, still retaining the property 
of not coloring out on pouring. 

C6 and C7 in which 0.2 PbO replaced 0.2 CaO showed a dis- 
tinct improvement in the working qualities and uniformity of 
color, although these glasses colored out in the thicker portions 
during the pouring; C6 to a light red and C7 to a deep ruby. 
These glasses, however, were transparent to a thickness of 8 m.m. 
in comparison with series B, which were not transparent in 
pleces over 214 m.m. in thickness. 

Reheating clear portions of C6 gave a good, deep, ruby color 
at 650°C., a considerable lowering of the temperature over the 
leadless glasses for developing color. This glass also has a fairly 
constant color over a temperature range of 25°C (625° C. to 
690°C). 

Series C, No. 7 colored out at 570° to the same shade as C6. 

Series C, No. 8 (Reducing PbO to 0.1 with 4.00 Si0,). This 
glass gave evidences of being hardier than the previous glass 
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(C7) as the fusion colored out a very little clearer at 6 m.m. 
thick (similar to C6), and the colorless portions gave a deep 
clear ruby on reheating to 570°, the same as C7 and about 60° 
lower than C6. This glass gave the clearest and best red ob- 
tained in the foregoing work. 

Series C, No. 9 (in which 0.1 PbO was replaced in C8 by 
0.1 Na,O as borax) gave a glass considerably more fusible, and 
flowed well in pouring. A very streaked, nearly black, color de- 
ve.oped in portions over 3 m.m. in thickness on pouring. Thin 
transparent pieces heated to 750° gave a red color, streaked with 
opaque black lines. This fusion, therefore, did not give good 
results. The possibility of spoiling the color by over-heating is 
ever present. It is possible that less B,O, would give better re- 
sults, though this was not tried. 

Series C, No. 10 (0.1 Na,O replacing 0.1 CaO). The result- 
ing glass was clear and colorless, showing a very few lhght red 
streaks. The working properties of the glass were very good, 
especially in pouring and cooling. 

On heating to 700°C the glass turned a clear light red. 
625°C. showed a clear light red. 
725°C. showed a clear light red. 

The color range of this glass is therefore good. 

Series C, No. 11 (0.1 PbO replacing 0.1 CaO and with 4.57 
SiO,). Results from this glass were a failure as the fusion was 
incomplete and very viscous and co:ored out a dense opaque 
black on pouring. If properly fused, better results would no. 
doubt have been obtained. 

Series C, No. 12 (0.1 Na,O replacing 0.1 CaO and with 4.57 
SiO,). This glass gave a very good fusion, but was rather vis- 
cous and showed no color on pouring. Heating this glass to 
700°C gave an amber colored glass streaked with dark red lines. 
At 800°C it showed a good even ruby color. 

The conclusions from this last series of glasses (C6 to C12) 
are (1), that soda replacing lime softened the glass without 
causing the color to come out in cooling. (2) Lead on the other 
hand caused these glasses to color out rapidly on cooling, but 
did not make them opaque. 
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General Conclusions. The following are general conclu- 
sions one may draw from this work regarding the composition 
of a workable ruby glass. A workable ruby glass 1s one which 
will not color out when cooled at the rate obtained in the press- 
ing process, and yet will give a workable range of temperature 
for reheating to a uniform color at temperatures below 700°. 

Ist. Highly fluid glasses will color out rapidly, viscous 
glasses slowly. 

2nd. Replacing lime with either lead or soda, increases the 
rapidity of color development, lead more so than soda. 

3d. High SiO, is necessary for good color, low SiO, gives a 
tendeney towards brown or black, and opacity. 

Ath. High SiO, (4.0 to 4.5 sere is necessary to give suffi- 
cient viscosity. 

Sth. With high silica, lime- Nate glasses the tendency to 
streakiness increases. Small amounts of lead reduce streaki- 
ness. 

6th. The glass giving the best color in series B is No. 4. 
Glasses Nos. 1, 2, 10 and 12 of Series C, most nearly approached 
the requirements of a good ruby glass. They could all be poured 
without the color developing, and on reheating, the color devel- 
oped at favorable temperatures. Glasses Nos. 6 and 8, Series C 
gave the most transparent colors. 

7th. Iron and manganese are detrimental to a good red 
color. 

8th. Remelting improves the uniformity of the color which 
indicates that streakiness is due to lack of homogeneity. 

9th. Density of color is apparently increased with an in- 
crease in temperature. Time is evidently not an important fac- 
tor in this case. 


DISCUSSION 


Prof. Silverman: There are a number of points in Mr. 
Williams’ paper about which I wish to inquire. In the first 
place, he speaks of the coloring out in the high-silica copper rub- 
ies. I should like to ask whether Mr. Williams found any direct 
bearing by the alkali content of the glass. There is a claim 
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made at present that a copper ruby can be manufactured, which 
is a ruby, out of the pot. I believe his views correspond with 
mine in that the red color produced is due to high alkali in the 
glass. In other words, the glass colors out while cooling in the 
moid, or even earlher. Then as to tin as a reducing agent, I can 
corroborate these statements also, having had the experience 
that tin alone in connection with copper gives a rich color, while 
with manganese and iron the color is off. Tin ‘has to be con- 
trolled very carefully. If you get below a certain point you 
obtain a glass which does not color sufficiently; and if you go 
above you get what is called clouding or a livery color. 

I would like to ask, to what Mr. Williams attributes lack of 
uniformity of color; and whether he feels that a melt over a 
short duration, like thirty minutes could give a homogeneous 
class. 

Mr, Wiliams: To answer the last question first: the uni- 
formity of color in my glasses was not obtained in the first melt. 
There were signs of streakiness at first, but upon remelting, 
-good clear colors were obtained. It is probably the mechanical 
handling of the glass, or the duration of the melt which has a 
tendency to make the glass cloudy or clear. 

The first question you asked, regarding the high alkali con- 
tent, I did not quite understand, ‘however I will make this point, 
that when I used lead, replacing the alkali, it caused the colors 
to come out more quickly in the handling. The color was just 
as good, in fact a little better, but density of color could not be 
controled. Lead improved the uniformity of the color but gave 
a tendency toward opacity. If you do not want the color to 
come out during pressing, it is necessary to keep away from lead. 

Prof. Silverman: I should like to know further, what the 
object is in trying to prevent the color from coming out during 
pressing. 

Mr. Williams: If you do not prevent it, the different var- 
iations in the cooling of the mold would not give the same shad- 
ing of red in the finished pieces. 

Prof. Silverman: But do you not get the same effect by 
heating to a certain temperature afterwards? 
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Mr. Williams: Yes; but can you control the rate of cooling 
of glass in the mold sufficiently accurately as to give uniformity 
of color from pieze to piece? | . 

Prof. Silverman: I cannot quite see how that has a bearing 
on the rate of cooling. Suppose your g.ass does not color out 
below 700°. You might have a mold anywhere from 400° to 
600°, and the fact that you have no color would be no indication 
that your mold temperature is correct. In other words, you 
have such a large range below the coloring-out temperature that 
it does not seem any better indication as to mold temperature, 
than if you had a glass that colored out, except possibly to tell 
you that tne mold is too hot. 

Mr. Williams: My experience with glass that colored out 
was that glass of various thicknesses was different in shade. The 
difference in temperature of a mold would influence the color. 
The coloring out at a definite temperature a!so depends upon 
the speed at which a glass cools through the small temperature 
range of color development. If the glass cools at a high rate of 
speed through this temperature, the colloidal copper would not 
come out in large enough partic’es to show color. If the cooling 
rate is slower the particles grow of sufficient size to give color. 

Mr. Gelstharp: - I should like to ask whether that was not 
sub-oxide of copper. 

Mr. Walrams: I used cuprous oxide. 

Prof. Stull: Perhaps I might throw a little light on Prof. 
Si.verman’s question by stating, that among the things Mr. Wil- 
liams is investigating is a study of the temperatures at which 
the copper ruby comes out, and the effect of length of time as 
well as temperature in bringing it out. That is why he is trying 
to secure colorless glass to begin with. 


A COMPARISON BETWEEN ENGLISH AND 
AMERICAN GLAZE PRACTICE 


BY ERNEST MAYER, BEAVER FALLS, PA. 


In about forty years of experimenting in making glaze, it 
has been my practice to change any glaze mixture I got from 
reading, or was given to me, into its chemical formula, and while 
they are made from so many different substances and looked so 
totally unhke before they were resolved into a formula, yet I was 
a.ways struck with their great similarity in their final analysis. 

You will understand, of course, I am-speaking strictly of 
earthenware (now usually called semi porcelain) as made in 
England and the United States. 

To illustrate the point I want to bring out, I will take three 
olazes,—the first one being a typical Engiish glaze and one used 
by a well known firm; the second is a typical American glaze 
and used by a firm whose ware ranks very high in American 
manufacture; and the third is taken from Langenbeck’s Chem- 
istry of Pottery, page 122, where he says ‘‘the best glazes for 
these wares (earthenware—semi porcelain) approach a formula 
of the following character.’’ The glaze here referred to is marked 
No. 3 Langenbeck glaze. 


No. I—TYPICAL ENGLISH GLAZE 


FRIT GLAZE ANALYSIS 





1 ae 180 Lite Let ae SS Ke Oi petty tees LEG) 
Sipe ec ak 164 1 Pas ail oeae 93 NaOren. wrie tt 
Pea hitee. Lod ShOone o> oso 214. Caters ae 6.70 
Bormxr ees ea Napa c. 174 PD Gree 6 FO. 815 
Colios Cla ye, 2.28 60 IVES) ore o.. 0.07 
. baths Los RO) ees ie aS 
896 814 Sie a yee 
BsOse he Tore 
100.00 
K;0O 0.059 
Na2:O 0.244 : 
CaO 0.401 ¢ ALO; 0.254 J a aes 
MeO 0.006 RO se adie 


PbO 0.289 
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No. II—TYPICAL AMERICAN GLAZE 
FRIT GLAZE ANALYSIS 
Boracie acid. 225 ris ea 413 NES BS are ib 6.02 
Phot cae 322 Feldspar *;>,2 443 CaO sa (es 
—— White lead.. 195 i 59 1,8 pecan Ue 14.21 
547 Paris white. 150 LUO See 2.59 
Zine oxide... 30 AbOsete 8.61 
Chinaucla yee. 60 SiGe Ae: eae Lee 
— BOs Sere 9.98 
1261 
100.00 
K20O 0.22 | 
PHDO=0222 S102 2.93 
Al,O3 0.29 ga 
CaO 0.45 ; ; BO; 0.49 
ZnOsoerd j 
No. III—LANGENBECK GLAZE 
FRIT GLAZE ANALYSIS 
Borsaxes. oe 47.8 Bite ce cae TOs4 Ke Qe, eee 3.37 
Boraciceaciaroicu Paris white. 12.5 Fe irk @ ea ey Daren 
Feldspar 7... 69.6 White lead. 32.9 CaO. area aus 
Paris white. 25.0 China’ clay: 2247 PHOS? a. lee 
Bhinte Fs east 500 Flintoee oe 49.5 ALO? Vea 8.78 
SiGe 51.64 
188.4 18853 BO: eee 10.04 
100.00 
K.O 0.125 | 
NaeO 0.125 L SiOz 3.00 
. Al:O; 0.300 
CaO 0.500 : | B:Os 0.50 
PbO 0.250 | 


By a careful study of the above formulas, I claim that they 
are all identical as far as their final analysis is concerned, and I 
do not claim for an instant that either the English or American 
has any superiority one over the other as to their appearance or 
utility, but what I do claim is that the American glaze is both 
chemically and economically very wrong, as I expect to show. 

First. By making a frit of boracie acid and flint only, we 
have no ¢hemical union, and after firing the result is a soluble 
frit, which to say the least, makes it very unsafe to use in a 
glaze on account of the variable nature of the glaze produced. 
In my judgment, this is a very serious error. 
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Second. It is practically the universal custom in the United 
States to make all frit in saggers, which is not only done at an 
enormous expense as fully explained in Vol. IX, Trans. Amer. 
Cer. Soc., page 195 (Fritting by the Kiln and Sagger Process), 
but on account of the long duration of the fire twenty-four to 
thirty times an appreciable percentage of the boracic acid is lost 
by volatilization, and this brings another uncertain element into 
the composition of the glaze. 

Third. There is another point in American glaze practice 
that I will cal your attention to, viz., the use of oxide of zine 
which I have never seen in any glaze (earthenware) mixing 
either English, German or French. Why it is used, I cannot tell, 
and never found anyone who could. There is one point about it 
I do know, however, and that is, it has a very harmful effect on 
some underglaze colors, particularly greens, which are generally 
turned into various shades of brown. 

When I conceived the idea of writing these notes on the 
comparison of making glazes in the two countries, I had not the 
chemical side of the problem in view nearly as much as the eco- 
nomic side. | 


Recently, our factories have been visited by government ex- 
perts who have gone through our books and examined all our 
processes, machinery, etc., and we have heard much talk about 
‘‘efficiency.’’ I have given my reasons for claiming the Ameri- 
can glaze is wrong chemically. I would also state clearly and 
most emphatically, that it is wrong economically, and I will 
show, why it is wrong economically. 

Such a glaze as I have shown to be a typical American 
glaze requires 1050 lbs. at $0.0414 per lb.==$44.62 to dip a 15 
ft. 6 in. glost kiln; whereas of the typical English glaze it re- 
quires 775 lbs. at $0.029—=$22.48 to dip a 15 ft. 6 in. glost kiln; 
saving $22.14. | 

This saving represents an amount that is equivalent to the 
value of the fuel required to fire the kiln, and is something that 
ought to make any man interested in efficiency problems ‘‘sit up 
and take notice.’’ 
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I wish to add as a foot-note to the above that in making ex- 
perimental glazes, I used the following mixture in place of Cor- 
lish stone, and in glazes where I have used this mixture and also 
Cornish stone, I never could see a particle of difference as regards 
the general appearance, effect. on underglaze colors, ete. In place 
of 100 lbs. of Cornwall stone, I used: 


F’eldspare o..5.0< fae eee ee 42.84 
CHINO CLAN asennad ee ee 26.14 
Bint... 0s ott ee ee eee ee 34.24 

103.79 


I am sure it is unnecessary for me to point out that while 
such a mixture is a perfect substitute for Cornwall stone in a 
glaze, it is absolutely worthless as a substitute in a body. 


A RATIONAL PIECE WORK METHOD FOR 
PLACING KILNS 


BY J. MINNEMANN 


It is the custom among manufacturers of clay products to 
pay their kiln placers a fixed amount per kiln, regardless of the 
quant.ty of ware placed, the man in charge of the kiln setting 
being expected to see that a fill is always obtained. 

It is a well known fact that the average man wiil not do 
nearly so much work in a given time when working by the hour 
aS when working by the piece, and neither will the average kiln 
setter place as much ware per kiln when paid by the kiln as when 
paid by the amount placed. In a porcelain plant, where the kiln 
capacity was not equal to the output of the manufacturing de- 
partmenis, an attempt was made to increase the kiln capacity by 
p acing more ware per kiln, the ware in question being porcelain 
insulators of various sizes and shapes. It was found that. while 
considerable advantage could’ be had in having saggers of the 
right size and shape, and in an assortment of ware, still, the 
amount of ware placed per sagger depended upon the man, as 
no definite rules could be laid down, owing to the ever changing 
sizes and shapes of the ware. 

In order to get more ware per sagger, it was decided to pay 
the placers per piece, or rather per cubic inch of space taken up 
by the given piece, each piece being considered as taking up a 
space equal to the volume of its cireumseribing cylinder. 

It is evident that when pieces are nested, the price paid is 
the same as when they stand separately, thus putting a premium 
on nesting. The cubical content of each piece is determined, and 
kept on file in the office. When the count of the ware placed in 
each kiln is turned in, the number of pieces of each style 1s mul- 
tiplied by the cubical content of that style, and the products so 
obtained are added, giving the total cubical content of the ware 
placed in that kiln. These figures are in cubic inches, and the 
price paid the placers is in dollars per million cubic inches, 
which is divided among the men on the gang. 
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It is evident, that it is to the advantage of the placer to get 
as much ware in each sagger as possible, as it is no more trouble. 
to carry a sagger containing one piece more than one piece less. 
In this way, the method has the advantage of a bonus system, 
because every additional piece placed in a sagger is paid for at 
the same rate as the first, while the work is but little increased. 
After the system had been installed for several weeks, it was 
found that the amount of ware per kiln had increased about 20 
percent, and the wages of the workmen had increased about 8 
percent at the same time. This system, has now been in success- 
ful operation in this plant for nearly two years, and in that 
time, the amount of ware per kiln has been continually on the in- 
crease, as the workmen became more proficient in getting every 
sagger filled. 

In another plant making similar ware, the kiln setting had 
been paid for by the hour. Upon adopting this system the kiln 
capacity was immediately increased 25 percent, giving the work- 
men an increase of about 12 percent per hour, without increasing 
the cost per kiln. As an increase in ware per kiln does not in- 
crease the firing cost appreciably, it is evident that this is clear 
gain, besides being a way to increase production with the same 
equipment. 

Whi'e in use to his knowledge, only in the electric porcelain 
business, the writer feels that such a method could be adapted to 
any plant where the variety of ware is such that the complete 
filling of the kilns can be put up to the workman. 


DISCUSSION 


Mr. Watts: What percent of the total kiln capacity can 
you get in terra-cotta? 

Mr. Doe: A good setting of terra-cotta depends upon the 
character of the work but it is usually forty percent of the space, 
running from thirty-three to forty-five and in some eases to fifty 
percent. 

Mr. Gates: I have found it to be between thirty and forty 
percent according to the kind of work the shop was running. 


THE HYDRATION OF PORTLAND CEMENT* 


BY A. A. KLEIN AND A. J. PHILLIPS 


The Geophysical Laboratory! studying the ternary system 
CaO, SiO,, Al,O, has established the constitution of all the defi- 
nite combinations, CaO and Al,O,; CaO and 8i0,; SiO, and 
Al,O,, and CaO, 810, and A1,Osg. Furthermore, this laboratory? 
has verified the work of the Geophysical Laboratory and 
determined which of these compounds are actually present in 
Portland cement clinker. With the constitution of cement thus 
definitely established, it was thought advisable to take up the 
study of the effects of various amounts of water and steam at at- 
mospherie and high pressures on the individual cement com- 
pounds and on Portland cement itself. 

The work consisted of the preparation of the constituent 
binary compounds in as pure and homogeneous condition as pos- 
sible. These synthetic compounds were three aluminates— 
CaO. Al,O,; 5 CaO.3 Al,O,, and 3 CaO. Al,O,—4 Silicates— 
a0 .8i0,; y 2CaO.S8i0,; B 2CaO.SiO, and 3 CaO. 8i0,— 
and lime burned at different temperatures. For the preparation 
of these, recourse was had to an up-draft kiln. Where higher 
temperatures were needed, a carbon resistance electric furnace 
was employed. The raw products were C. P. calcium carbonate, 
alumina and silica. These were mixed in the proper proportions, 
burned for one day, ground, examined microscopically, re- 
moulded and reburned, this process being repeated until a satis- 
factory sample was obtained. In addition to the above com- 
pounds tests were made on a high silica cement, a low silica 
cement, and a high iron cement. 

The above compounds were hydrated on microscope slides 
' with an excess of water, under conditions which precluded evap- 
oration and the action of CO,. They were also hydrated in a 
eylinder with superheated steam at atmospheric pressure, ac- 
cording to the method proposed by Bied,* and in an autoclave 

~ By permission of the Director of the Bureau of Standards. 
YJ. Ind. Eng. Chem., 3, 211-27. 


2 Oonerete-Cement Age, 2, (Cement Mill Se 3= ie. 
3 Proc. Int. Assoc. Testing 1 Ct eee 2) a 
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with steam at various temperatures and pressures. Finally, they 
were moulded with lhmited quantities of water approximating 
those used in normal consistency mixes. In addition to water, 
lme-water and calcium su:fate solution were employed as hy- 
drating mediums. All hydration products were examined by 
petrographic methods to determine the changes taking place. 

The hydration products are briefly tabulated in Tables I, 
I, ITI and IV. ; 





Fig. 1—8 CaO.Al,0, in water with crossed nicols. Needles are 3'CaO'.ALO,.2H,0. 
Hexagonal plates not visible between crossed nicols. Magn.=—=250 diam. 


It was found that with an excess of water 3 CaO . Al,O, 
hydrates as 3 CaO. AIl,O,.2H,O where x varies with the drying 
conditions. This compound erystallizes in hexagonal plates, 
needles, which are the p’ates turned on edge, and radial spheru- 
lites which consist of needle aggregates radiating from a com- 
mon center. See Fig. 1. With polarized light and crossed nicols, 
they exhibited a medium double refraction and are uniaxial, pos- 
itive. The refractive indices for Na light are as follows: 
e=1.502+0.003 and o—1.535+0.003. The character of the 
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principal zone is positive. The plates are orientated perpendicu- 
lar to the ¢ crystallographic axis, and the needles are parallel 
to it. 

5 CaO .3 Al,O, and CaO. Al,O, on hydrating split off amor- 
phous hydrated alumina and form 3 CaO. AI1,O,.72H,O. See 
Figs. 2a, 2b, 3a and 3b. Under actual cement conditions such 
as typified by the moulded specimens, the above crystallized 
compound does not form immediately but separates from solu- 
tion as an amorphous material. In the steamer at atmospheric 
pressure, a little crystallized aluminate is formed with the amor- 
phous material, still more in the autoclave, and finally on micro- 
scopic slides 3 CaO. AIO,.”2H,O is entirely crys%allized. 
Wherever the amorphous aluminate is formed it slowly but 
eventua'ly changes to the erystallized compound. 

The hydration of the aluminates begins readily in all cases. 
With an excess of water the reaction proceeds quickly, and in a 
few days the aluminates are completely hydrated. With re- 
stricted amounts of water, however, the individual aluminate 
grains become coated with amorphous hydrated aluminate, 
through which further action proceeds with more or less diffi- 
culty. 

in steam at atmospheric pressure, the tests showed that the 
weikly basic aluminates do not absorb water above 110°, while 
_ the more basic aluminates absorb water up to 140°. Further- 
more, a spee.men of 3 CaO. Al,O, containing high burned lime 
absorbs water at 175°. 

The nature of the lime hydrate formed by the hydration of 
free lime with plenty of water, and the readiness with which it 
hydrates depends upon the fineness of the hme grains and the 
burning temperature. With coarser lime grains and with highly 
burned lime, the hydration proceeds less quick:y and produces a 
preponderance of erystall zed lime hydrate. On the other hand, 
with fine lime grains and with low burned hme mainly amor- 
phous hydrate is formed, and the reaction proceeds more quickly. 
Lime hydrate erystals are much more inactive chemically than 
the amorphous variety. White’s solution, which is a solution of 


~ J Inde Eng. Chem, i, 5: 
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Fig. 2a—5 CaO.3 Al,O,, in water without nicols. Spherulites, needles, and hexa- 
gonal plates of 3 CaO.A1,0,.¢H,O and a little amorphous material. Magn.=—180 diam. 





Fig. 2b—5 CaO.3 Al,O,, in water without nicols. Plates and needles of 3 CaO. Al,0,. 
xH,O and amorphous aluminia. Magn.—=300 diam. 
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phenol in nitrobenzol to which a couple drops of water is added, 
attacks the amorphous hydrate almost instantly but reacts ex- 
tremely slowly with the erystals. See Fig. 4. In the autoclave 
the amorphous variety is not changed, whereas free lime yields, 
according to its fineness and burning temperature, crystallized 
or amorphous hydrate. The crystals, in this case, often grow to 
large size, depending upon the length of time of reaction, the 
temperature and the pressure. 

Lime hydrate erystaluizes as short, flaky, tabular, hexagonal 
erystals, also as more or less elongated hexagonal prisms. Twin- 
ning has never been observed, but the crystals sometimes show 
parallel grouping and skeletal development. Very good cleavage 
is observed parallel to (0001). Under the microscope, lime hy- 
drate crystals possess a clear, hexagonal outline when orientated 
perpendicular to the ec. erystallographic axis, but when resting 
on edge they exhibit a prismatic to an acicular structure. The 
double refraction is medium, the interference colors varying 
considerably with the thickness of the grain and its orientation. 
Some of the hydrate crystals are thick enough to show third and 
fourth order interference colors. The indices of refraction for 
Na. light are as follows: o==1.582+0.002, e—1.559+0.002, e-o 
(measured )—0.023+0.003. The interference figure is uniaxial 
and the optical character negative. Lime hydrate resembles 
3 CaO. Al,O,.2H,O very closely, but is differentiated by the 
fact that the crystals of the former are invariably larger, have 
higher indices of refraction and a different optical character. 

Hydration of the aluminates in lime water reveals the same 
compounds as in distilled water. No new type of crystals, which 
might indicate hydrated 4 CaO. Al,O,, was observed. There 
does seem to be an action, however, between the hydrated alum- 
ina split off and the lime hydrate of the solution, resulting in a 
‘greater development of erystallized 3 CaO. Al,O, . 2H,0. 

Aluminates hydrated in the autoclave with an excess of lime 
water give no new type of compound. The plate crystals of 
3 CaO. Al,O,.2H,O are rather poorly developed. The addition 
of dry lime hydrate up to 50 percent decidedly retards the erys- 
tal growth of the aluminates in the autoclave. 
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Fig. 3a—CaO.Al,0O, in water showing large spherulite, amorphous material and 
serystal covered by amorphous material. Magn.=165 diam. 








Fig. 83b—The same as Fig. 3a except in crossed nicols. Brings out erystal covered 
with amorphous material. 
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The first effect of gypsum solution on the aluminates is to 
retard the formation of amorphous hydrated material, and to 
keep the pores of the material open to the further penetration of 
water. Specimens hydrated in saturated gypsum solutions show 
the highest ignition loss after six days. The products of hydra- 
tion are the same as those with distilled water, with the excep- 
tion of the additional formation of sulfo-aiuminate needles. This 
new compound is identical for all three aluminiates, and its for- 
mMubaise ss CAO 7A O.. > CasU, -vllO:. See Figs. 5. and 6. . It 
erystallizes in erystals showing long prismatic development. Ir- 
regular intergrowths are occasionally observed, but twinning is 
not noted. The crystals show very low interference colors rang- 
ing from black to white of the first order. The character of the 
principal zone is negative and the extinction parallel. The in- 
dices are lower than 1.48. Interference figures are biaxial with 
a large optic axial angle. The opticai character is positive. The 
erystals of 3 CaO. Al,O,.3CaSO,.2H,O can be readily dis- 
tinguished from.3 CaO. Al,O,.x2H,O by their different devel- 
opment, lower refraction, lower double refraction and different 
character of the principal zone. The formation of 3 CaO . Al,O, 
3 CaSO,.2H,O is only incidental in the retardation of the in1- 
tia! set, since it is formed before, during and after this set. Var- 
iation of the gypsum content above and below a certain definite 
coneentration causes a decrease in the setting time. 

~The problem of initial set is one involving the action of 
small amounts of electrolytes in retarding the coagulation of the 
amorphous aluminate material. The evidence is in favor of the 
fact that the aluminates coagulate and separate as amorphous 
bodies from supersaturated solutions, the rate of coaguiation be- 
ing affected by such small quantities of electrolyte as to preclude 
the possibility of the reaction being solely a chemical one. Thus 
with a certain and definite concentration of gypsum, maximum 
hydration is attained, and at the same time the rate of coagula- 
tion is retarded increasing the time of set. 

Sulfo-aluminate erystals are broken up in the autoclave as 
is a’'so gypsum. Club-shaped crystals are noted with optical 
properties that suggest a composition between CaSO, . 2 H,O0 
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and CaSO,. With higher temperatures and pressures, water is 
even driven out of the amorphous hydrated aluminate. Gypsum 
favors the growth of 3 CaO. Al,0,.2H,O erystals in the auto- 
clave. 

CaO.Si0,, as well as y 2 CaO.SiO, are practically inert 
with regard to hydration. B 2CaO.Si0, is but slightly 
hydrated in water after a considerable length of time. This is 








Fig. 4—White’s phenolate test on crystallized and amorphous Ca(OH),. The large 
hexagonal crystal is Ca(OH), unacted vpon; the smaller prismatic crystals are Ca 
phenolate formed by the action of White’s solution on amorphous Ca(OH),. Magn.==-280 
diam. 


manifested by a slight etching of the grains and the formation 
of a small amount of gel-like material. The presence of lime 
water and plaster solution does not materially increase the hydra- 
tion. Treatment with 3 CaO. Al,O, solution gave maximum hy- 
dration and best 28 day test pieces. In mixtures of B 2 CaO.Si0, 
and the aluminates, the latter show some hydration while the 
former is unhydrated after 24 hours the time when cements 
are exposed to accelerated tests. At 28 days, the aluminates are 
completely hydrated, and B 2 CaO .Si0, shows quite a little hy- 
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Fig. 5—38 CaO.Al,0,.3 CaSO,.2H,O crystals formed by the addition of gypsum solu- 
tion to a 3 CaO.Al1,0, solution. Magn.=—400 diam. 





¥ig. 6—3 CaO.Al,0,.3 CaSO,.vH,O formed by hydrating 3 Ca0.Al,0, in a gypsum 
solution. Magn.—280 diam. 
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dration. The test pieces, while exhibiting fairly good rigidity, 
have not the strength of corresponding cement briquettes. 

The shdes of @ 2CaO.S8i0, and aluminates indicate 
that the hydration of the aluminates proceeds as previously 
noted, and that with an excess of water, the B 2 CaO.S10, 
hydrates more quickly, the product being the same amorphous 
gel-like material. Neither crystallized nor amorphous hme hy- 
drate is split off when B 2 CaO.Si0O, hydrates, nor are there 
any needles of hydrated CaO . SiO, formed. See Fig. 7. The 
hydration product is 2 CaO . 8i0,+Aq. which so far has been 
observed only as an amorphous body. 

Homogeneous 3 CaO . 810, was not obtained, the product 
used containing an extremely small amount of lime, B 2 CaO 
SiO, and 3 CaO. Al,O;. The compound 3 CaO . SiO, acts en- 
tirely differently with respect to hydration from either the 8 
2CaO.S8i0O, or mixtures of 8 2CaO.Si0, and lime. It hy- 
drates readily with excess of water, with limited water, and in 
the autoclave. The products of hydration are identical, consist- 
ing of lime hydrate crystals, and amorphous hydrated silicate. 
The compound 3'CaO . SiO, sets hard in five hours and: shows 
no sign of disintegration after 28 days in water. The size of the 
jiime hydrate crystals depend upon the pressure in the autoclave, 
in general the greater the pressure the larger the crystals. Mix- 
ing 3CaO.Si0, with B 2 CaO .S8i0, has no favorable effect on 
the hydration of the latter. 

Mixtures of 3 CaO . 810, and the aluminates gauged with 
water, lime water and calcium sulphate solution show first the 
beginning of hydration of the aluminate, followed shortly by the 
hydration of 3CaO.S810,. See Figs. 8 and 9. Twenty-eight 
day specimens are extremely dense, hard: and strong, comparing 
very favorably with neat cement briquettes. Again, there is an 
absence of hydrated CaO .Si0O, needles. The evidence favors 
the fact that 3:CaO . SiO, on hydrating splits off one molecule 
of lime hydrate and forms the amorphous hydrated 2 CaO . S8i0,, 
this compound being identical with that formed by B 2 CaO, 
Si0,. 

The hydration of cements is thus brought about by the for- 


° 
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Fig. 7—Amorphous hydrated 2 Ca0.SiO, taken from a slide of B 2 CaO.Si0, and 
3 CaQ.Al,O,. Note absence of Ca(OH), crystals. Magn.——200 diam. 





Fig. &¢—3Ca0.SiO, and 3 CaOQ.Al,0, showing large Ca(OH), crystal and smaller 
hydrated 3 CaQ.Al,0O, needles covered with amorphous hydrated silicate. Magn.—160 
diam. | 
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mation of amorphous hydrated 3 CaO . Al,O, with or without 
amorphous alumina, the aluminate later crystallizing. At the 
same time sulfo-aluminate crystals are formed; and low burned 
or finely ground lime hydrates. The formation of the above 
compounds begins within a few hours after the cement is 
gauged. The next compound to react is 3 CaO. Si0,. Its hy- 
dration may begin within 24 ‘hours, and it is generally completely 
hydrated within seven days. Between seven and twenty-eight 
days the amorphous aluminate commences to crystallize, and 8 
2 CaO . SiO, begins to hydrate. See Fig. 10. Although the lat- 
ter is the chief constituent of American Portland cements it 
is the least reactive compound. The early strength (24 hours) 
of cements are due to the hydration of any lime present and of 
the aluminates. The increase in strength between 24 hours and 
7 days depends upon the hydration of 3 CaO . Si0,, although 
the further hydration of the aluminates may contribute some- 
what. The increase between 7 and 28 days is due to the hydra- 
tion of B 2CaO.Si0O,, but here is encountered opposing 
forces with the hydration of the very high burned free hme, and 
the crystallization of the aluminates. It is to this hydration that 
the falling off in strength between 7 and 28 days of very high 
limed cements is due, whereas the decrease shown by the high 
alumina cements is due to the erystallization of the aluminate. 
Finally the Fe in a cement is resistive to hydration and does not 
form any definite crystalline hydration products but occurs as a 
rust-like material. . 

Several experimenters have concluded that the reactions 
taking place in the autoclave are abnormal and bear no relation 
to those taking place in normal hydration. In all the consider- 
able work done with the autoclave, no evidence of abnormal hy- 
dration has been found, except in the changing of the optical 
properties of the gypsum and hydrated 3 CaO . Al,O,. This de- 
hydration has been overcome by using more water in the auto- 
clave, and the resulting crystals have been very slightly altered. 
Using very high pressures (600 lbs. at 2 hours), there have been 
observed large growths of lime hydrate crystals which could be 
removed with forceps; but with lower pressures such as ordi- 
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Fig. 9—3 CaO.SiO, and 5 CaO.3 Al,O, in water with crossed nicois showing large 
Ca(OH), erystals, needles and spherulites of 3 CaO.Al,0,.xH,0. 








Fig. 10—White cement in water with crossed nicols. Ca(OH), crystals partly cov- 
ered with amorphous material, also 3 CaO.A1,0,.2H,O needles. Magn.==280 diam. 
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narily used, they would more nearly approximate those found at 
28 day normal hardening. 

The disintegrating action attributed to the crystallization of 
3 CaO. Al,O,.3 CaSO,.2H,O has been greatly exaggerated. 
Though this compound does erystallize with large amounts of 
water, the erysta’s produced in a hydrated cement are extremely 
small. Under the microscope the maximum length attained is 
never over 0.04. m.m. In sea water or in alkaline water, the 
presence of other salts in solution may assist in the development 
of larger erystals, which might then exert an expansive force. 
Another fact, which argues against their having any considerable 
disruptive action, is that they begin to form about the time of 
the ‘beginning of hydration of the aluminate, and before the ce- 
ment mass has begun to assume any great rigidity. 

It is to the growth of large lime hydrate crystals that fail- 
ures in accelerated tests must be attributed. These are not due 
to the increase in volume owing to formation of lime hydrate, 
but result from pressure caused by growing crystals. 

The ability of lime to form either crystalline or amorphous 
lime hydrate on hydration, depending upon fineness and burning 
temperature, explains the behavior of various cements in the 
accelerated tests. For instance (1) some cements will not pass 
the boiling test, (2) some will pass the boiling test but not the 
autoclve, (3) and others will pass either test after aging, where 
previously they would not. In the first case the lime is suffi- 
ciently fine and high burned so that in the boiling test it hy- 
drates, crystallizes, and the growth of erystals is sufficient to 
cause disintegration. In the second case the lime may be so 
coarse or highly burned as not to hydrate in the boiling test but 
only in the autoclave, due to the high temperature and pressure 
employed. In the third case aeration with insufficient water to 
allow solution and crystallization has caused the lime to hydrate 
to the amorphous condition, and in the accelerated tests there is 
no formation of erystals from the amorphous material, hence no 
disintegration. 
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A TYPE OF CRYSTALLINE GLAZE AT CONE 3 
C. C. RAND AND H. G. SCHURECHT, URBANA, ILL. 


The glazes under consideration are of a type designed to 
mature about cone 3 to 4. The AIO, is maintained constant 
throughout at .05 equivalent and is introduced as Pikes No. 20 
English ball clay. In general the group resembles Worcester’s* 
best raw clay glaze. His formula was | 

0.3314 Na,O 1.60 Si0, 
0.6624 ZnO Nae BO. 


He coneludes, however, that .05 Al,O, generally seems the most 
favorable and that many German formule eall for this amount. 

A group of 36 glazes was made with a view to determine the 
effect of varying ZnO against Na,O along the ordinate and rutile 
against flint along the abscissa. 


0.03 Al,O, 


TRANS. AWM. CEPR.390C. VOL. XV/ FIGs Mee FAND 4 GChUL ECL 


.25 Vee 25 NG0 } 
OSAl203 22) O5ALO; (155/02 
O5Ca0, 3 50L2 0, 29102 MEPOE 3G 20, V0 mieee 






emer 


50ND) o5ApO ey 6 50MG20) 05Al203 (1 5102 
BG} SUE 20 ae: EE" Of 50 8203 (0.5 T70z 


The arrangement of the group with the formule of the four 
corners are shown in Fig. 1, the vertical series being designated 
by numbers, the horizontal series by letters. 

Two frits of the following compositions were used: 


No. 1 
0.25 Na,O | 
0.70 ZnO 0.30 B,O, \ 1.4 SiO, 
0.05 CoO 


tVol. X Trans. Amer. Cer. Soc., p. 150. Function of Alumina in Crystalline Glaze. 
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No. 2 
0.50 Na,O 
0.45 ZnO 0.30-B5 0, \ 1.4 Si0, 
0.05 CoO 


These were each intimately mixed and ground in small ball 
mills, fused, quenched in water, dried and ground to pass 80 
mesh sieve. 

The four corner glazes were ground wet until they passed 
120 mesh sieve, and the remaining glazes blended from them in 
molecular proportions. 


TRANS. AM CEP. SOC. VOL. XV/ FIG.2. FAND & SCHURECHT 
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The glazes were applied to two sets of biscuit tile by dip- 
ping, and burned to cone 3 in 5 hours in a round, down-draft, 
open-fired oil kiln. The fires were put out when the finishing 
temperature was reached and the kiln allowed to cool with the 
damper closed. 

The results were not satisfactory, as only a few crystalline 
patches appeared. These patches increased noticeably as the con- 
tent of ZnO increased. High ZnO also appeared to give a deeper 
blue as would be expected. E 3 showed the most crystallization. 
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The failure to obtain good results was attributed to too rapid 
cooling, too thin coating of the glaze, and perhaps slight under 
burning. 

Next two sets of trials were dipped, care being taken. to ob- 
tain a thick coating of the glaze, and burned in the same kiln to 
cone 4, following the heating and cooling curve shown in Figure 
2. The pyrometer showed a temperature of 1170°C, when cone 
4 went down. 

From a erystallization standpoint, the results, Fig. 3, were 
highly satisfactory. Every glaze showed a large number of crys- 
tals and in many cases was a solid mass of crystals of varying 
sizes. The variation of ZnO and Na,O seems to have little, if any, 
effect upon either crystallization or color. 

Increase in TiO, has a marked effect upon both. As TiO, 
increased the crystals became smaller, and more numerous, most 
of the high rutile glazes consisting of a mass of small interlocking 
erystals. At 0.0 T10, and at 0.1 TiO,, a good blue color is shown, 
but from 0.1 TiO, up, the blue is partially and in some eases al- 
most totally absent. Bronze patches are quite prominent, due 
possibly to iron impurities in the rutile. 

The two sets of trials are very nearly identical. Glaze E 3, 
with the formula 


0.30 Na,O OO AO («1:8 Sid, 
0.65 ZnO 0.30 B,O,; ] 0.2 TiO 
0.05 CoO es 


again appears to contain the most erystals and for this reason 
was selected as the glaze to use in making draw trials with a view 
to noting different stages of crystallization. 

The glazes were dipped and burned in the same manner as 
before, a number of trials of E 3 being placed where they could 
be drawn. One was drawn at the finishing point, and one every 
20° as the cooling progressed. The third trial drawn showed 
erystals around the edges. The amount of crystallization in- 
creased steadily for four trials. The next trial at 1030°C showed 
a very great increase, the glaze consisting of a mass of crystals. 
It is posible that this is due to the erystallization of an eutectic. 
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That is, the compound forming the crystals shown first continued 
erystallizing out until the melt reached the composition of the 
eutectic mixture, when the whole mass crystallized. (Fig. 4.) 


TRANS.AM.CER.SOC. VOL.XV/ FIG.A. AANOA SCHURECHT 


VLOG 
/1/20°C 
V/I3O56. 


1/10 °C 


090°C 

10 70°C 
050°C 
/030°C 


/0/0°C ji 





One set of trials was placed on edge in this last burn. They 
failed to show as much erystallization as those lying down, as the 
glaze had run off to a great extent. However, good results were 
obtained on two small vases to which the glaze had been applied 
in a very thick coat, though here also, much of the glaze had been 
lost. 


COLORED PORCELAIN GLAZES AT CONE 10 


BY E. T. MONTGOMERY AND I. A. KRUSON, ALFRED, N. Y. 


In taking up the subject of colored or stained porcelain 
glazes, we must first give consideration to the clear, colorless 
olaze to be used as the base. The writers have chosen cone 10 
as the maturing temperature of this base glaze as being most 
representative of American practice in porcelain manufacture. 

The porcelain glaze corresponding to the cone 4 formula, 


G20) 
O37: Ga0 


is not a suitable glaze for the work at hand for two reasons. 
First, it does not mature satisfactorily below cone 12, and sec- 
ond, it is so viscous that the surface, though bright, is found 
upon close examination to be egg-shelled, due to entrapped gas 
bubbles. It will be found upon examination under the micro- 
scope, that all porcelain glazes of this type, having only K,O 
and CaO as fluxes, are full of gas bubbles due to high viscosity 
from the large amount of fe!dspar present. This condition is 
very nicely shown in the photomicrograph of glaze No. 1. 

To develop a commercially satisfactory glaze. at cone 10 
from this type formula, both the maturing temperature must be 
reduced, and the bubbles eliminated as far as possible. How 
this is accomplished is shown in the following four glazes and 
their accompanying photomicrographs. 

Gaze No. 1: 

0.3: K,0 
0.7 CaO | 

This glaze matures at cone 10 to a beautiful glaze of high 
luster, but contains a great quantity of large bubbles. Figure 1. 

Glaze No. 2: 

0.38 K,O 
0.6 CaO Ora ALO, 25 1.22373 S10; 
0.1 ZnO 


OVeeNU,2 1 - 4.0 Si0, 


Mee AN, Oy 88 S10. 
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In this glaze we have the bubbles slightly decreased in 
number and size by adding 0.1 ZnO, which lowers the viscosity 
of the glaze somewhat. Figure 2. 3 

Glaze No. 3: 


O30 510 

0.55 CaO 3. 1 p10 
vs z 

0.05 Na,O eset On BBO 

0.10 ZnO 


By the introduction of borax into the glaze, the viscosity is 
lowered still further, and therefore, there are fewer and much 
smaller bubbles. Figure 3. 


Glaze No. 4: 
0.25 K,O 
0.55 CaO OeSi0F 
0.10 Na,O He ! Moa BAO). 
0.10 ZnO 


In this glaze by the further increase of borax and the re- 
duction of the Al,O, and SiO,, we reach a commercial, cone 10 
olaze, practically free from bubbles. Figure 4. Had this glaze 
been fired in a 48 hour burn in a commercial kiln, the photomt- 
erograph would have shown almost no bubbles. 

As a base glaze for the present work on colored porcelain 
glazes, glazes No. 1 and No. 2 were used. Glaze No. 2 was used 
in most cases except where the ZnO would be injurious to the 
color; and often both No. 1 and No. 2 were tried as base glazes 
to test the effect of ZnO on a given coloring oxide. All glazes 
were raw glazes, applied to thoroughly dry ereen ware and fired 
in one burn to cone 10. 

The investigation was roughly divided into three parts. The 
first part deals with the colors produced in a cone 10 porcelain 
glaze by the ordinary coloring oxides, and the amount of the 
various oxides necessary to produce a satisfactory color. The 
second part deals with the production of certain commercially 
desirable colors; and the third part with the investigation of the 
possibility of producing some of the more unusual colors in a 
porcelain glaze by the use of the rarer elements, fritted stains 
or calcined color bodies, ete. 
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PART I 


Colors from CoO: We find that 0.025 CoO gives a fine 
strong light blue, and that increasing depth of color is obtained 
up to 0.10 CoO which in a good thick dip gives a very deep rich 
cobalt blue, as dark as one would ever wish to use. 

Colors from CuO: 0.125 CuO gives a very pale, delicate 
copper green. 0.150 CuO and 0.20 CuO give greens of a little 
deeper shade, but the color is rather feeble and uneven through 
volatilization. 

Colors from MnO,: 0.1 MnO, and 0.15 MnO, will practi- 
eally all burn out. 0.25 MnO, gives a fairly deep manganese 
violet. brown. 

Colors from Or,0O,: In glaze No. 1 containing no zine, 0.015 
Cr,O, produced a sight chrome green and 0.15 Cr,O, a very dark 
chrome green. 

Colors from Fe,O,: 0.025 Fe,O, produces practically no 
color in the glaze, 0.05 Fe,O, gives a pleasing light tan, and 0.10 
Fe,O, gives dark olive tan or brown. 

Colors from burnt umber: This coloring agent gave the 
same colors as He,O,, but lighter in tint where substituted for 
Fe,O,, due to its lower Fe,O, content. 

Colors from the yellow oxide of uranium (Na,U,0,+ 
6H,O): 0.01 U,O, gives a very pleasing light lemon yellow, and 
0.02 U,O, gives a shghtly darker yellow. An increase to 0.06 
U,O.,, which is equivalent to about ten percent of oxide in the 
glaze batch, gives only a slight increase in depth of color. 

Colors from NiO: 0.05 NiO gives a light, pleasing nickel- 
brown; 0.10 NiO gives a darker medium brown; and 0.15 NiO 
gives a very rich dark nickel brown. 


PART II 


Having shown the colors produced by the single oxides 
which are commonly used, we will now take up the production 
of the colors most often cal’ed for in commercial practice. In 
discussing this part of the work, only the glaze batches will be 
given as being more exact, since there is no uniformity of prac- 
tice in figuring coloring oxides into a formula. 
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TABLE I—BLACK GLAZES 














| 6A | 6B | 9A 9B | 9C | 9D | 10A | 10B 

| | | | 
Feldspat, es AZ.0 |.42.0 | 42.0 / 42.0 1742.0 | 42.071 42.0 194250 
Wihitine te 13.0 | 1350" 11370. )-13'0 =) 1350 :) 13.0 13-0" 193 0 
LO) Ping ae. 2.01 2104 0.0.) 050 070 S000 ea 0 aaa 
BACCO a. oats 0.0:'1.:0.0..) 22705) = 2a05) 220-1 527004) Onn ana 
MnO sg a sede (2104 O0L 2x0. tet OMe 2 nOuien OS Oe) mae | 4.0 
CO Om esa 1.3 (106) Wie ae ie Ge ee ane lis 1.3 1°3 
ersOe 1.0 Vr) fees bes ta ele TCE Neale ehh tind Sik 
Fe O3-uic eins] 2009). Be0 hoes aol cele One Oana ag glace) 
Ballsclay. 2 ioe 8.0 | 8.0 8.0 8.0 8-0. 1 8201 ba 820 8.0 
Borax 5G pomaree Ss0 a) ae ae | 8/01 8.0 4 BLO Sr0t 70 8.0 
Blint (trae eee eee Calneene | 20.71 °2274" | 205 (2127 3) TO edaiee, 

| | | | | 

| | | | | 

}100.0 |100.0 |100.0 |100.0 |100.0 |100.0 |100.0 |100.0 

| | | 











2 


Glaze 6A is not a good black but is a very dark chocolate 
brown—almost black. Glaze 6B is a very good black with a 
slight brownish cast as differentiated from a greenish or bluish 
black. Glazes 9A and 9B are the same as 6A and 6B, except 
that the ZnO is replaced by BaO, thus eliminating the effect of 
ZnO on the Cr,O, present. We get, in both 9A and 9B, beauti- 
ful deep blacks similar to 6B, but richer in tone and without a 
certain grayish cast. noticeable in 6B in certain lights. Glaze 
9C is a perfect jet black without a cast of green, blue or brown. 
Glaze 9D is a fine black but with a slight greenish cast. Glaze 
10A is a very handsome deep seal brown in a strong light, and 
10B is a fine deep black very similar to 9C. 
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TABLE II—GREEN GLAZES 

| TA | 7C | 7B | 7D 

| 
Peele ake ons ly ace te en 45.0 45.00 45.0 | 45.0 
WRELIE 11 oo Fis eh aca ke ee a 12.0 12.00 12.07) e270 
(0) OP ir gtk loafer rere ita a 0.0 0.75 Pe or lig 0 ei) 
OE dane Sek etn k og 6.0 4.00 260) 3 125 
I TLS oa tk a a 0.0 0.00 00's 5] 3.0 
eee Clavaer sire fick i he sce «4 | 8.0 8.00 S00 8.0 
Ord see ay ark Saute es (eae 050 10.00 1050) val <1 080 
MEE ah tc ee ot ao 6 oo as | 22-0 22.00 22.0 | 22.0 

| | | | 

| | | 
| 103.0 101.75 100.5 | 103.5 


| | 


Glaze 7A is a typical, deep, olive chrome-green; 7C is a rich 
grass green; 7B is a fine blue green or myrtle green; and 7D a 
very dark ‘‘coach green,’’ bordering on a black. 


Brown Glazes: The following is typical brown Albany slip 
insulator glaze: 


Glaze No. 19: 


SE. OA WOR ISSUING) 2 RO Sry i en ar er 46.5 
LEVIES BN a 1 eters i ala 37.2 
reise OA Cha Ven ce auc is shia sels e vss so Wee) 
PSPC aan ete Olean, Oo ti bce sia eee oe 4.7 
OER we oe ola 8g Ne ee a ee 2.3 

100.0 


Fine browns can be made with NiO alone. Glaze No. 21 is 
a seal brown or dark coffee color; No. 21A is a fine dark brown, 
a little darker than No. 21, and No. 15 is a rich dark mahogany 
brown. : 
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TABLE III—BROWN GLAZES 








| No. 21 |. 21A | No. 15 


| | | 




















Sparta aces NaS On Ee ee AA ee ees 42.8." 242207 | oae2 
Wihitine J ice in ah eee le td Cys | 12.6 1390 Jel weietoag 
VAN GE SANE RAS Wenn cre eae Vo: eo | * 38.6. pean oOo eee G 
WEG MENA a ere one nag cee aa Shc epee Ct 230 1 ea) 
(Crs) OD renee oeryn Weegee See ter emcee gs 2 Be f= 028 0:0 ios 25DE8 
INGO) ces, code ce a ot eee 0.0 2.0 | 0.0 
Osa 5 Ries on, cha Ae eee ate 120 1028) = Seta 
FO enna aoe oe ee ee 2.0 2.0 | 1.6 
a all “clayl cc caer aieceseehe are ae ere 8.2 8.0 4.2 
Borax, oc ci Coe ee eee 8.0 Se0 ee 8.0 
Bsn 3.) aaa eer ere ete eee 21.6 20.0 (|= 923.6 

| | | 

| | | 
| 100.0 16050. 1: 10050 

| | | 

TABLE IV—SLATE-COLORED GLAZES 

| 18A | 18B | 18C | 18D | 18F 

| | | | | 
Feldspar 2 tnc.% 0: rte 44.0 44.0 | 44.0 | 37.0 
Whiting? sae elem loss 1525 1525 1555 19.0 
FANG Magee SO) he: {sare Sea Jal aie | Salsa 0.0 
COO ater fe | 0.2 0.4 0.6 LON. | a he 
COS eta gree pommel 0.0 0.0 0! Oar) se O8 
BELO s Seen eee aad et 0.0 0.0 4.0 cbr 
LG) apie saath o-thae0 0 4.0 6.0 0.0 | 0.0 
Ballo clay~ <2 eon | 6.8 6.8 | 6.8 4054 dBa0 
Flint’. a) ate ge aL Caen ime aOwe | 30.0 300s Saebes 

| | | 

| | | | 
| 100.3 102.8 105.0 100.6 | 100.0 

pe : 


Glaze 18A is a very light pleasing slate color; 18B is a little 
darker slate; 18C still darker; and 18D a very dark slate. Glaze 
18F is a very pleasing medium slate color. 
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PART III 


The coloring power of chemically pure titanium oxide, TiO.,, 
and of rutile, in a porcelain glaze was investigated. Five per- 
cent of C. P. TiO, added to base glaze No. 1 gave only a slight 
vellowish cast, and ten percent gave a slightly deeper straw 
color. The addition of five percent of rutile gave a pleasing 
hght corn-flower yellow,. while ten percent gave a similar but 
deeper yellow. 

Beautiful opaque white enamels were made by the addition 
of eight to ten percent of tin oxide, SnO,, to base glaze No. 2. 

Platinum blacks, and blacks from reduced uranium oxide 
were a.so investigated. For platinum blacks the following solu- 
tion of platinum chloride was used. 


Black No. 1 Blue No. 1 
Platinum chloride ...... 0.5 CODalE TUitAter vr oc ae: 4.0 
Blue No. 1 solution...... 1.0 Givcerines 3. san Vatiss eee 3.0 
SleUliie 2) heck: 5 Pst) e's 1.5 Dextrine Solution 
Dextrine solution ...... 2.5 Wah uM eon oa oe 30 @e 

ROR ETT Ogres Si eects 20 Grs. 


Five drops of solution, Black No. 1 to one gram of base glaze 
No. 1 gave a fine steel grey, and ten drops of the same solution 
to one gram of giaze gave a beautiful greyish black. 

In the production of uranium blacks, two methods were 
used. Glazes containing 0.04 to 0.06 equivalents of uranium 
oxide, about eight to ten percent, gave fine brilliant jet blacks, 
when fired under reducing conditions. Blacks from uranium 
were also attempted in a regular oxidizing burn by using ten 
percent of a uranium underglaze color-body of the following 
composition: 1.0U0,(NO,), .6H,O+1.0 kaolin, which had 
been previously reduced in caicining, as a stain in base glaze 
No. 1. Yellow glazes resulted, mottled with grey or black where 
the glaze was thickest. This same color-body gave a good black 
as an underglaze color in another investigation. 

Pinks were developed from a variety of sources. Very lhght 
to very deep chrome-tin pinks were produced by adding to base 
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glaze No. 1 increasing percents of the ordinary Seger pink up to 
ten percent. | 

Chrome-alumina pinks were attempted by adding to base 
glaze No. 1, five percent and ten percent of several different 
underglaze color-bodies. The only one which gave a pink color 
was the following :! 


0.046 K,O | | 
0.658 MgO Ree ae 0.08 B,O, 
0.296 ZnO mers 


This color was calcined at cone 14 and then washed. Five 
percent of it added to glaze No. 1 gave a light greenish color, 
ten percent produced a quite pleasing salmon pink but so over- 
loaded the glaze with Al,O, that the surface was dull. 

Manganese-alumina pinks were produced by adding to base 
glaze No. 1, five, ten and fifteen percent of the following color 
body: 


Batch 
1.00 Equivalent Al,O,.3H,O 156/00 oreo WAT Ole oS Eee 
0.15 Equivalent MnSO,.4H,O 33.45 gr. MnSO, . 4H,O 


Calcined at cone 07 and washed. This color gives a very 
beautiful bright pink with five percent and ten percent added to 
the glaze. Fifteen percent of color over-loads glaze No. 1 enough 
to dull the surface. The glaze would have to be softened by the 
addition of borax to permit the use of this much color. 

Very delicate flesh-colored pinks were also produced by the 
use of the following gold chloride solution: 


Pink No. 1 
Chlorides of:gola ita, Afar. oe eee 0.5 
Glycerine ¥. Wey WAS ae ee eee ae ee 6.0 
Dextrine solution’ 2). 250, 5420. eee 6.0 


From five to ten drops of this solution added to one gram of 
base glaze No. 1 will give a fine delicate pink. | 

The writers were also interested to see, if the blue and pur- 
ple colors from nickel reported by Pence? could be produced in a 


1 Volume XI. Trans. Amer. Cer. Soc., page 56. 
2 Trans. Amer. Cer. Soc., Vol. XIV, page 143. 
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porcelain glaze. Accordingly the following glazes were made 
up, using the content of ZnO which he found necessary to pro- 
duce the purple and blue colors. As a low content of NiO did 
not seem especially necessary in Mr. Pence’s work, a sufficient 
amount was used to give a deep color if the purple or blue were 
produced. It was also thought that the higher Al,O.,, and higher 
SiO, content especially, might require more NiO. — 


Glaze No. 16 C (for a purple) 
oO KeO 
0.25, ZnO 
0.45 CaO 
0.15 NiO 


Glaze No. 16 D (for a blue) 

O80 KO 

0.40 ZnO 

0.30 CaO 

0.15 NiO 

Both resulted in dark nickel browns. Four other glazes 
were therefore made up using the same RO as used by Mr. Pence, 
instead of the usual RO of the porcelain glaze. As low a NiO - 
content was also tried as would produce a color at cone 10. 


O40A1,0;°° { 8.8 Si0, 


Dees One fe 3S S10! 


Glazes No. 16E and No. 16G (for a purple) 
0225. KO 
0.20 CaO 
0.30 BaO 
0.25 ZnO 
For No. 16H, 0.15 NiO was added to the above glaze, and 
for No. 16G, 0.05 NiO was added. 


Glazes No. 16 F and No. 16H (for a blue) 

0-25. 1,0 

0.14 CaO 

0.21 BaO 

0.40 ZnO 

For No. 16F, 0.15 NiO was added to the above glaze, and 

for No. 16H, 0.05 NiO was added. All four gave nickel browns. 


MALO, “4 = 3:8 Si0, 


AeA Oye e328 S10, 
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Conclusion. It has been demonstrated that a great variety 
of colors can be produced in a porcelain glaze at cone 10. There 
are a few general conclusions which may be drawn from this 
work as follows: 

Borax may be advantageously added to a raw porcelain 
glaze in amounts up to ten percent without causing any difficulty 
in the application of the glaze. 

Tin oxide must not be used with Cr,O, in a glaze where 
greens are expected. 


DISCUSSION 


Mr. Watts: I should like to ask Mr. Montgomery, in con-_ 
nection with the use of borax, what his particular object was in 
introducing borax into the glaze. Was it your intention Mr. 
Montgomery to get the softening effect of the soda in addition 
to the BLO! 

Mr. E. T. Montgomery: Yes, it was done chiefly to get an 
act.ve flux. This material was used particularly, because borax 
is very efficient in reducing viscosity. By the use of borax, we 
eliminate bubbles; and it also gives a higher gloss and a glaze 
of a lower maturing temperature. 

Mr. Watts: Would you not have gotten the same effect 
with a somewhat softer feldspar? I do not know what you are 
using, but I should think that you could have introduced B,O; 
in the form of boric acid, instead of borax. and thus eliminated 
this soluble soda. Or would that not have done the same work? 

Mr. EF. T. Montgomery: A softer feldspar would not elimi- 
nate bubbles. J have not tested the point in regard to the use 
of B,O,. I suppose that ‘boric acid would act as a flux just as 
well as a corresponding amount of borax, but I used borax be- 
cause it is the commercial practice to do so. I have not even in- 
vestigated the question of cost. We know that borax is used 
more commonly for the introduction of Na,O, and probably 
would be the cheaper material to add and is no more soluble 
than boric acid. 


Mr. Watts: Cheaper than boric acid? 
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Mr. LE. T. Montgomery: It is cheaper, I believe, than we 
could get the same amount of fluxing action by introducing Na,O 
and B,O, in any other forms. 

Mr. Watis: J had in mind the use of B,O, which I have 
always added in such glazes as this in the form of boric acid, 
leaving my alkalis all to be added from feldspar. I did this be- 
cause of the fact that it is very often necessary in actual prac- 
tice to take some water off your glaze, and the introduction of a 
lot of soluble salts into your glaze causes the glaze to be more 
or less variable. At least that was my experience. Regarding 
the introduction of B,O, in cone 10 glazes, I have always imag- 
ined (and I justified my imagining by chemical investigation) 
that the B,O, did not remain in the glaze to any appreciable ex- 
tent after about cone 7—at least I could not get any evidence of 
it in the glaze after it was past that point. I concluded that the 
efficiency of BO, in the glaze was that of a low temperature 
flux, which caused the glaze to remain smooth and viscous on the 
surface of the body, while the enormous shrinking was taking 
place, that oecurs between cone 3 and about cone 7 in porcelain 
bodies as they begin to vitrify. I found that the glazes, that did 
not contain a certain amount of B,O,, had a tendency to give an 
unsatisfactory surface, and that B,O, was valuable in helping 
the glaze through that particular period, during which that 
shrinkage occurs. I never use borax in any hard glaze. I have 
experimented with it once or twice, but was never satisfied that 
I could afford to add my soda in that form. I could get any de- 
sired amount of soda in the form of rather soft feldspars. 

While I am on my feet I should like to mention the propo- 
sition of brown glaze. Is this mahogany-brown glaze similar to 
that obtained by the use of Michigan slip? 

Mr. E. T. Montgomery: I should say not. You would get 
a variable glaze by the use of that, the same as you do with 
Albany. 

Mr. Watts: In 1900 or about that time, when I first be- 
came acquainted with the insulator industry, the- Michigan slp 
began to be introduced and was used in increasing amounts to 
replace the Albany; so that it occurred to me that if you are 
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going to use iron as a coloring, it would be advantageous to 
introduce the iron into the glaze in one of these slip forms, or 
in the form of crocus martis or something of that sort, rather 
than as commercial Fe,O,. 

Mr. E. T. Montgomery: 1 do not know that there would 
be any advantage only that it would enter into combination more 
quickly. : 

Mr. Watts: It would be more finely divided; and as long 
aS you were not going to have an absolutely opaque enamel such 
as you get with Cr,O;, I imagine that you would get a more 
satisfactory color by adding the iron in a more finely divided 
state, as in the form of an iron bearing clay. That was, as you 
know, the general practice formerly; although there are some 
manufacturers who are especially fond of dark brown opaque 
glazes. For instance, the General Electric Company has for 
years used a brown-black almost a black glaze on its high tension 
insulators; but the high tension insulator field calls for mahog- 
any-brown glaze, and whether or not you could introduce a com- 
pletely opaque brown-black glaze, would rest entirely with the 
electrical engineer. That would not always match up with his 
ideas of what he wants in the way of a glaze. 

My experience was that the electrical engineer was rather a 
difficult man to deal with. On introducing the slate insulator 
glaze in 1905, I know what a time I had to get the electrical en- 
gineers in the country to begin to use a slate-colored glaze, and 
by the time I had them educated to the point that they were 
willing to do so, I realized what a calamity that I had brought 
on myself by creating a demand for two different stocks, one 
mahogany-brown, the other slate-colored, whereas they were for- 
merly satisfied with one color, mahogany-brown. This meant 
keeping a double stock where they were formerly satisfied with 
one. Whether you could get an electrical engineer to shift from 
a standard mahogany brown glaze that is semi-clear, very much 
like the old-fashioned Rockingham brown glaze, only a Little 
more reddish and a little darker, is a question. I do not mean 
to say that these glazes are not practical for insulator glazes, be- 
cause I believe that many of them are infinitely more practical, 
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than those used to-day by the insulator people; but the question 
is whether when you switch them around once or twice they will 
not get tired of being switched. 

Mr. E. T. Montgomery: I want to ask Mr. Watts whether 
the mahogany-brown glaze prepared from Michigan slip is uni- 
form. Can you produce throughout the kiln as uniform a color 
with it as you can get by compounding a glaze without the use 
of slips? 

Mr. Watts: You cannot get a uniform color in any iron 
bearing glaze, with any ship. The uniformity of color which you 
ean get with an opaque glaze is far in advance of anything that 
you can get with one that is not absolutely opaque, so you can- 
not expect to get that uniformity of color with the Michigan slip. 

Mr. E. 1. Montgomery: My idea was that the old form of 
Michigan slip glaze had gone out of existence. That the General 
Electric Company have been for years using the dark almost 
black mahogany-brown, would indicate that they are finding it 
satisfactory. It is certainly infinitely better in appearance, than . 
any slip glaze that I have ever seen; and that is surely the di- 
rection in which we are going and is a distinct improvement over 
what we had in the past. 

Mr. Minneman: I should like to ask Mr. Montgomery 
whether he has noted any difference in the color of those samples 
such as he would get in commercial practice from one part of 
the kiln against those from another ‘part; and also whether these 
chromium greens show a difference with different temperatures 
or kiln conditions? 

Mr. E. T. Montgomery: I have not_carried out these stud- 
ies as extensively as that, and cannot therefore answer the ques- 
tions regarding differences caused by the location in the kiln. 

Mr. Back: I should like to ask Mr. Montgomery, the 
source of the nicked he used in obtaining the nickel blues. 

Mr. E. T. Montgomery: I did not obtain any. 

Mr. Back: You attempted: it. 

Mr. E. T. Montgomery: Mr. Pence used commercial green 
nickel oxide and also C. P. oxide which he prepared himself from 
absolutely C. P. materials. He was able to get the blues and the 
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purple color, at the low temperatures which he used, from nickel 
oxide from both sources; and there was very little difference, he 
reports, between the colors. 

Mr. Back: JI asked this question because of some work that 
I did with some erystalline glaze mixtures of zine, hthium and 
silica. I obtained some turquois blue color apparently due to 
iron. It is difficult to obtain nickel salts and minerals, free from 
iron; and whether the color was due to the nickel or iron impur- 
ity 1s a question in my mind. - The glazes were fritted at quite a 
high temperature in a crucible heavily lined with silica, and the 
silica hning was worn away in the hole at the bottom of the 
erucib‘e, so that some of the iron of the crucible dissolved out. 
- This may have produced the color. To determine whether it was 
at all possible, that the alumina had anything to do with the 
result, I pushed an iron rod down into the surface of the melt 
where there was no opportunity for the melt to come in contact 
with the contents of the crucible. I found a deep blue glaze 
adhering to the iron rod. : 


Mr. E. T. Montgomery: We do get blues under certain 
conditions from iron. Mr. Pence answered your question very 
fully in the paper of last year, and showed that there was no 
chance in the production and use of the C. P. oxide for the col- 
oring to come from anything but the nickel oxide. 

Mr. McDougal: I should like to refer to a statement that 
Mr. Montgomery made and to suggest that although he did not 
run into trouble with as high as ten percent of borax which is 
a soluble salt in this glaze, he might dio so in another type of 
elaze which might differ in its raw clay content. The soluble 
salt would likely affect the physical properties of the glaze, if 
the slip mentioned before this were applied. 

Mr. Watts: I should like to say one other word. I made 
some rather extensive investigations regarding the use of boric 
acid in that hard glaze for the purpose of ascertaining whether 
the exact amount of boric acid. was right. I found that I got the 
same effects, the same amount of gloss, and the same uniformity 
of color, in glazes with a considerable range of boric acid in the 
glaze, provided always that I had at least 0.05 of an equivalent 
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of boric acid in the glaze. That enabled me, if necessary, to tap 
some water off my glaze, if I wanted to have my glaze a little 
thicker, and not seriously injure it. I found that this was quite 
a convenience, because if I introduced soda with the borax I 
would not have dared juggle the B,O, content as I could under 
the other condition. I did not find the actual content of B,O, 
to be vital in the glaze. 


REPORT ON RATTLER TESTS MADE ON BRICK 
OBTAINED FROM PAVED STREETS! 


BY G. H. BROWN 


Since the introduction of the rattler in the testing of paving 
brick, there has been considerable difference of opinion, first, as 
to the relation of the behavior of paving brick in the rattler and 
in actual service, and, second, as to the allowable limits of per- 
centage losses in the rattler test. It has been contended that low 
rattler losses do not necessarily indicate high class behavior in 
service, and that the maximum rattler losses allowed in specifi- 
cations are in many eases too low. 

The introduction of the new standard rattler adopted by the 
National Paving Brick Manufacturers Association was found to 
have increased somewhat the severity of the rattler test, and 
increased agitation of the question followed. 

Two methods of comparison of the behavior of paving brick 
in the rattler test and in actual service suggested themselves— 
the first, to lay sections of streets from paving brick whose be- 
havior in the rattler is known and await a period of years to 
observe their behavior in service. The second—to select brick 
which have been in service in streets for a number of years and 
subject them to the rattler test. The latter method was adopted, 
as the former method of procedure would involve tedious wait- 
ing. Offers of codperation having been secured from the Board 
of Public Works and Engineers of a number of cities, an inves- 
tigation was undertaken according to the following general plan. 

1. Samples were taken from brick paved streets which had 
been in service from five to twenty years. In selecting the streets 
from which the samples were taken, it was planned to secure 
brick which in some cases had given good service and brick whose 
quality and service had been doubtful or unsatisfactory. 

2. When possible, an average sample of 200 brick was 
taken, the cut being made so as to include a section of the street 
extending from the center line to curb, or from car track to isae) 


1 By permission of the Director, National Bureau of Standards. 
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If a sample of this kind could not be secured the brick were 
selected in connection with street repairs. 

3. In cutting and removing the sections, observations were 
noted as to the nature, uniformity of application, and condition 
of the bonding material between the bricks, of the character and 
amount of the cushion material, and as to the nature and condi- 
tion of the foundation of the street. 

4. From the reports and files of the city, all possible data 
as to the date of the construction of the street, the brand of 
brick, specifications under which the street was laid, and the re- 
sults of rattler tests, if any, were obtained. 

The samples were prepared for testing at the laboratory. 
Bricks, held together in coherent sheets by cement grouting, were 
separated, by chiseling. The adhering cement was carefully re- 
moved from the sides and depressions of the individual bricks. 
As most of the preparation for testing was carried out in cold 
weather, it was found that the adhering tar fillers could also be 
removed by chiseling. The depth of wear and general condition 
of each brick was noted. Samples excessively worn or broken 
in the cleaning process were discarded. 


Rattler Test. Before testing, all brick were dried in a gas 
drier at 110°C. 

The tests were made in a standard rattler constructed and 
operated under the specifications of the National Paving Brick 
Manufacturers’ Association. 

A condensed statement of the results of the investigation is 
shown on the chart, the results of the tests being arranged in 
order of the percent losses in the standard rattler. .The average 
rattler losses were secured from eight to ten rattler tests on each 
brand of brick. 

Presented in this manner, the bricks tested may be divided 
into three groups: 

Group No. 1, including samples Nos. 1 to 8, whose rattler 
losses range from 15.5 percent to 22.0 percent, and all of which 
have given more or less excellent service in streets. 

Group No. 2, including samples Nos. 9 to 13, whose rattler 
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losses range from 23 percent to 27 percent, and whose service in 
streets has in some cases been excellent and in others poor. 


Group No. 3, including samples Nos. 14 to 18, with rattler 
losses of 27 percent and greater. In this group failure under the 
traffic conditions has taken place in every ease. 

At this point it must be emphasized that variation in the 
type, and in the degree of excellence of construction occurs in 
each of the three groups. 

In group 1 we have both tar and cement fillers, concrete and 
broken stone foundations, and variations in the thickness of the 
sand cushion. 

In group 2 both tar and cement fillers were used, and sand, 
broken stone and concrete foundations. 

In group 3 with cement filler, sand and concrete foundations 
occur. 

In each group, variations in the strength and quality of 
construction and application of the foundations and bonding 
materials, occur. | 

An interesting comparison may be made between Columbus, 
Ohio, samples numbers 1 and 10, the former having a rattler 
loss of 15.50 percent, and the latter 23.49 percent. The sections 
were taken from adjacent points in the same street and were laid 
under one specification at the same time and by the same con- 
tractor. At the time of removal, the portion of the street laid 
from sample No. 1, rattler loss 15.5 percent, was in excellent 
condition, while the portion constructed from sample No. 10, 
rattler loss 23.49 percent, was in very poor condition. 

Samples 2 and 4 in group 1, showing rattler losses of 17.58 
percent and 18.31 percent were manufactured from a calcareous 
clay. In selecting these bricks for street paving, the engineers 
stated that only hard burned bricks or bricks having high shrink- 
age were placed in the streets. As a result an extremely hard 
and uniform product was secured, and good service resulted. 
These bricks were at a disadvantage in the rattler tests, their 
dimensions being less than those of an ordinary building brick. 

Brick samples Nos. 6 and 9 having rattler losses of 20.52 
percent and 23.28 percent afford another interesting comparison. 
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-The sections were taken from two streets in Sandusky, Ohio. 
Considering the service, the street from which sample No. 6 was 
taken was in better condition, than any of the brick streets in- 
spected. On the other hand the street from which sample bricks 
No. 9 were taken was in poor condition. | 

Samples Nos. 11 and 12, having rattler losses of 23.74 per- 
cent and 24.01 percent have given excellent service. j 

Without exception, samples 14 to 18, having rattler losses of 
27 percent and greater, have given very poor service. 

The variation in quality of service of group 2, samples 9 to 
13 inclusive, is attributed to variation in the type and quality of 
construction. 


Conclusion. In conclusion, we may state that in this series 
of tests, bricks, having a rattler loss of 22 percent and less, have 
given comparatively excellent service under several types of con- 
struction. Bricks showing rattler losses from 23 percent to 27 
percent appear to have given both excellent and indifferent ser- 
vice, the degree of excellence being governed by the nature of 
the construction. Bricks showing rattler losses of 27 percent or 
greater have failed in every case apparently, regardless of con- 
struction. 

Next to the inherent good qualities of the paving brick, 
proper construction is of paramount importance. As previously 
stated, the primary object of this investigation was to endeavor, 
first. to determine the value of the rattler test in measuring the 
ability of paving brick to withstand the action of street wear; 
and, second, to establish the permissible limits of the losses of 
paving brick in the standard rattler. Although, in this series of 
tests, brick of high rattler losses have failed apparently, regard- 
less of construction, the life of a street laid from bricks of low 
rattler losses is bound to be indefinitely increased by careful and 
approved construction. 

In answer to the question as to whether paving brick manu- 
factured in this country today are superior or inferior to those 
manufactured 15 or 20 years ago, a comparison of this series of 
rattler tests on old brick, with a series of 14 brands of present 
day brick, recently tested in the new rattler, shows about the 
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same range of rattler losses. The minimum loss of the new brick 
was 16 percent, and the maximum losses averaged 39 percent, 
with about the same gradation as reported in this investigation. 

Thanks are due Prof. Edward Orton, Jr., for suggesting an 
investigation of this kind and assistance in outlining the pro- 
eedure, and to Prof. A. V. Bleininger for helpful suggestions 
and assistance. 


RECENT DEVELOPMENTS AND IMPROVEMENTS 
AT THE NEW YORK STATE SCHOOL OF 
CLAY WORKING AND CERAMICS 


BY E. T. MONTGOMERY, ALFRED, N. Y. 


With the exception of the Ceramic Department of the Ohio 
State University, which a large majority of our members have 
visited and know quite thoroughly, the Ceramic Departments 
and Ceramic Schools of the country are so located in the seclu- 
sion of small college towns, that they are but infrequently visited 
by any except those directly interested in them. 

To all but.a very few of the members of this Society, I pre- 
sume the name, ‘““New York State School of Clay Working and 
Ceramies,’’ at Alfred University, though it is the second oldest 
ceramic school in the country, means as little in the way of defi- 
nite, concrete information about the location, organization, 
equipment, work and aims of this school, as it did to me previous 
to last August, when I was asked to join its faculty as assistant 
professor and assistant director of the school. 

It has, therefore, seemed fitting to me to bring to the Society 
some definite information about what the New York State School 
of Clay Working and Ceramics is, and what it is doing, together 
with a description of its equipment and the courses of study of- 
fered. It has seemed especially fitting to do so just at this time, 
when its capacity has just been doubled by the expenditure of a 
special appropriation of 25,000 dollars, in the extension of the 
building and in the purchase of new equipment; and when its 
courses of study have just been revised, systematized, broadened 
and strengthened. 

In the vear 1900, the president and trustees of Alfred Uni- 
versity sought legislation providing for the construction and 
maintenance of a school of clay working and ceramics in the 
state of New York. ‘The effort was successful, and the school 
was founded at Alfred University. 


SCHOOL OF CLAY WORKING AND CERAMICS 


3/2 




















EW OF BUILDING 


VI 





DRAWING ROOM 


SCHOOL OF CLAY WORKING AND CERAMICS 373 


Alfred University is located at Alfred, Allegany County, 
New York, on the main line of the Erie railroad between New 
York City and Chicago. It is beautifully situated among the 
rugged hills of southwestern New York, at an elevation of eight- 
een hundred feet. The University was founded in 1863—seventy 
eight years ago. Its university charter. was granted in 1857. 

Beside the University proper which offers courses in Arts, 
Philosophy and Science, there are at Alfred, either operated by 
the University or affiliated with it: Aifred Academy, the pre- 
paratory department; the Theological School; the Alfred State 
School of Agriculture, which is one of six similar agricultural 
schools within the state, either now in operation or authorized; 
and the New York State School of Clay Working and Ceramics. 

The control of the ceramic school is vested in the trustees of 
Alfred University, who annually appoint a board of managers 
consisting of five members. 

In July, 1900, immediately following the appropriation of 
the funds for the work of construction, Professor Charles F. 
Binns was appointed director of the school, and at once he took 
up the work of supervising the construction and equipment of 
the large and substantial brick building especially designed to 
meet the needs of a clay working and ceramic school. 

The original building is built of red face brick with terra- 
eotta trimmings and a tile roof. It has a frontage of seventy- 
five feet, and its four floors, all of which are in use, give a total 
floor space of 13,000 square feet. To this main building has 
been added this past summer, a two story, modern, fire-proof 
wing, about 36 feet wide and 57 feet long, at a cost of 15,000 
dollars, thus giving the building over 4,000 additional square feet 
of floor space, as well as much improved kiln and furnace rooms. 

The building and equipment of the New York State School 
of Ceramics, in compactness and completeness of detail, stands 
to-day second to no other ceramic school or department in this 
country, and that means second to no other in any country, for 
the United States is to-day the leader in this field. We shall to- 
morrow be again eclipsed by the ceramics department at the 
University of Illinois in size, but I doubt if that will be true in 
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regard to equipment. The new wing has a sub-basement, in 
- which is located the steam heating plant, fuel storage and a large 
damp cellar. On the main basement floor are located the follow- 
ing rooms: The kiln room contains a gas-fired kiln of about the 
usual laboratory type, except that it was designed to be fired 
with gas only, and has no fire box. A coal-fired up and down- 
draft kiln built from a German model, has a lower compartment 
or chamber for glost ware fired at.a high temperature, and an 
upper low temperature chamber for biscuit ware. There are 
also a gas fired muffle kiln having a muffle of a little over one 
cubie foot capacity and a small size gas-fired Caulkins kiln for 
ename: work and over-glaze decoration. All kilns are wired to a 
switch board, which possesses a flexible cord connection to a 
Siemens and Halske recording galvanometer. <A Bristol wall- 
type indicator is also installed in the kiln room to connect with 
this switch board when the Bristol pyrometer is in use. Beside 
the instruments mentioned, the pyrometer equipment consists of 
Heraeus platinum and platinum-rhodium thermo-couples- en- 
eased in Norton alundum tubes, another Siemens and Halske 
millivoltmeter of the portable type, and a Fery pyrometer with 
one of the Taylor Instrument Company’s new indicators. There 
is a storage room, a room containing a large dry pan for heavy 
grinding, and a large work room containing most of the heavy 
machinery. This machinery includes a wet pan, pug-mill, brick 
machine, repress, roofing-tile press, a heavy screw press which 
will take any size work up to a dry-press brick, a small Crossley 
screw-press with floor and wall tile dies a complete Crossley 
slip room outfit mounted on one base, the filter press of which 
is pumped up by compressed air, a large grinding cylinder and 
two smaller ones, Crossley juggers, throwing wheel and lathe, 
and three medium size agitators for casting slips. There is a 
fully equipped mold shop with drying room adjoining. On this 
floor there is also the power equipment, as the school furnishes 
its own power beside furnishing electrical power to the machine 
shop and wood shop. This equipment consists of two Otto gas 
engines of 36 and 8 horse-power respectively, and two Westing- 
house generators of 18 K.W. and 3 K.W. capacity, respectively, 
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giving a 110 volt current. There is also an air compressor, fur- 
nishing air at any pressure up to seventy-five pounds. 

On the first or main floor are located the executive offices; a 
very complete brary of ceramic literature and current ceramic 
periodicals; a lecture room equipped with lantern and a fully 
furnished chemical lecture table; a large technical laboratory 
equipped with work tables containing lockers for each student, 
balances, ball mills, bucket ‘blungers, a small jaw crusher, a fine 
pulverizer and a spraying equipment and hood for spray glaz- 
ing; a locker room equipped with steel lockers for men students; 
a modern chemical laboratory equipped for thirty-two students, 
with a balanee room adjoining. On the main floor there is also a 
kiln room solely for the use of the Art Department, equipped with 
a large Caulkins kiln; and lastly, an up-to-date furnace room 
equipped with two Seger test furnaces, one Seger muffle furnace, 
two drop frit furnaces of different sizes, fired with gas and com- 
pressed air, a small crucible frit furnace, a large cylindrical 
furnace of the pot-furnace type for high temperatures, having 
two burners and fired with gas and air, one platinium wire re- 
sistance and one nichrome wire resistance electrical furnace built 
at the school, and a platinum wire resistance muffle furnace and 
another crucible furnace. There is also yet to be built a carbon 
resistance furnace for fusion point tests of refractories. 


On the second floor is located the department of Design and 
Appled Art. This department occupies three large rooms be- 
side its office, which has a special library on art subjects. One 
room is devoted to drawing and painting, another to charcoal 
sketching from casts, for which work the studio is well equipped 
with casts of many famous examples of the sculptor’s art, a 
number of which are full size reproductions. The third room is 
the modeling studio, fully equipped with casts, models, tools and 
damp closets for each student. } 

On the third floor is a large lecture room equipped with a 
lantern, and a large studio for special and advanced work of the 
art department. 

The New York State School of Ceramics is unique among 
the other ceramic schools of the country both in the courses of- 
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fered and, to a certain extent, in its methods. It is unique in 
that it 1s not only a technical school but an art school as well. 
This is an ideal arrangement, provided each serves its own pur- 
pose and strengthens rather than weakens the other. We are 
here confronted with the old problem of determining how best 
to utilize the four years devoted to a college course, when there 
is SIX or more years’ work which we feel should be done. Pre- 
vious to this year, the work of the junior and senior years was 
large.y elective, so that many students in the technical course 
took work in the Art Department to the detriment of their tech- 
nical training, or took work in the college, that they might satisfy 
the Regent’s requirements of New York State for teachers’ cer- 
tificates, to the detriment of their undivided interest in ceramics 
-and their determination to make it their life work. We have 
learned through experience that this policy was faulty, and we 
have, therefore, in this year’s catalogue changed these courses 
- to two strong, independent courses, one in technical ceramics and 
one in art. Each covers a four year period and in each all sub- 
jects are required. A short course in the clay working, and a 
short course in Normal Art are also offered. 

The plan of the courses also differs somewhat from those in 
vogue elsewhere, partly through necessity and partly through 
policy. Not having an engineering college available, so that 
other engineering subjects might be added to our course, we are 
doing the obvious thing—teaching more ceramics, beginning right 
in the freshman year, and not only that but teaching mathemat- 
ics and chemistry and physics more thoroughly. I am well aware 
of the fact that the courses of study in ceramics at the Ohio 
State University and at the University of Illinois, for example, 
need no justification, nor do I think that the New York State 
School of Ceramics in its honorable and efficient record for the 
past fourteen years needs any justification. The courses as now 
revised, enlarged and systematized. embrace not only the tech- 
nology of all clay and rock products, but also the artistic manip- 
ulation and decoration of such of them as serve an asthetic rather 
than a utilitarian purpose. We are confident in the expectation 
that our courses will from this time forward serve in a better and 
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fuller measure, first the people of the state of New York whose 
judgment and generosity have made the school and its work 
possible, then any person of any state or of any country who may 
wish to avail himself or herself of the opportunities offered by 
the school, and, finally, the industry whose best interests, we 
seek to promote not only by training men for the work, but by 
hastening the day when the basic truths, the underlying facts 
and laws governing ceramic operations shall be made known to 
all. 


THE RELATIVE THERMAL CONDUCTIVITES OF 
SILICA AND CLAY REFRACTORIES! 


BY G. H. BROWN 


The relative heat-conducting power of silica and clay refrac- 
tories has given rise to frequent discussion. In gas retorts, by- 
product coke ovens and in all furnace installations where good 
heat-conduetivity of the refractory materials is necessary to effi- 
ciency, the question is of great economic importance. 


Reports? of wide variances as to the relative conductivities 
of the materials have been made, it being contended by some in- 
vestigators that the silica or siliceous brick are less perfect con- 
ductors than the clay brick, although practical comparison ap- 
pears to favor the silica brick as being the better conductors. 

In comparing the heat-conducting powers of the various types 
of refractories, the wide variation in the physical structure and — 
chemical compositions of the materials must be taken into con- 
sideration. In clay brick, we encounter structures ranging from 
coarsely ground and porous to finely ground and dense, and a 
chemical composition varying from that of kaolin to a silica con- 
tent of from 65 percent to 75 percent. The degree of burning 
would also appear to be a factor in the heat conductivity of a re- 
fractory material. 

We refer to a silica brick as being one manufactured from 
silica and sufficient lime to bind together the particles of silica. 
We have, however, silica brick composed of silica and a quantity 
of clay which acts as the binder; this variety is sometimes re- 
ferred to as quartzite brick. 

It is not unreasonable to expect a wide variation in the heat- 
conducting power among the many types of refractory brick up- 
on the market. 

A comparison of the thermal conductivities of silica, quart- 
zite and clay bricks was recently made in the laboratory. As a 
suitable apparatus was not available for measuring the absolute 


1 By permission of the Director, Bureau of Standards. 
Metallurgical and Chemical Ungineering, Vol. XII, No. 2, page 74. 
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conductivities of the materials, we were restricted to a relative 
comparison. The test pieces were kindly furnished by the 
Laclede Christy Clay Products Co., of St. Louis, Mio., and were 
eylindrical in shape, five inches in diameter, and ten inches in 
length. A partial chemical analysis of the three refractories 
was as follows: 


SILICA QUARTZITE CLAY 


percent percent percent 
Rt ae aie Be site swe 95.48 83.36 63.24 
PME RN Aros, fo. 3 0 os 1.92 11.79 32.97 


Ce et a ee ss : we 42 1.69 1.33 


The three bodies were dense and apparently hard burned, 
the silica eylinder having a lime bond and the quartzite cylinder 
a clay bond. 


The test pieces were placed horizontally in the wicket of a 
test kiln in a manner to leave one inch of the length of the ma- 
terial exposed to the furnace gases and one inch of the length 
exposed to the atmosphere outside the kiln. The eight inch por- 
tions of the cylinders passing through the wicket were insulated 
from each other and from surrounding material by a bedding 
of kieselguhr. Holes one and one-half inches in depth were drill- 
ed at right angles to the axes of the cylinders and one inch dis- 
tant from the ends. Thermocouples were imbedded in the holes 
in the ends of the cylinders exposed to the kiln gases, the tem- 
peratures of the portions exposed to the outside atmosphere be- 
ing measured by thermometers inserted in the corresponding 
holes. By this arrangement the temperature drop in the eight 
inches of material between the inside and outside of the kiln was 
recorded. 

The temperature of the kiln was increased at the rate of 50° 
per hour to 1300°C. and simultaneous readings of the thermo- 
meters and thermocouples taken at intervals of ten minutes. The 
furnace was held at 1300°C. for six hours, equilibrium having 
been attained before that time. 
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The upper curves in Fig. 1 indicate the temperature increase 
of the portions of the cylinders inside the kiln as measured by 
the thermocouples, and the lower curves indicate the increase in 
temperature of the portions of the cylinders outside the kiln as 
measured by the thermometers. 

The differences in temperature, indicated by the dunes 
taken inside the kiln, is probably due to the position of the test 
pieces in the wicket of the kiln, the clay and silica cylinders hay- 
ing been placed side by side and the quartzite cylinder near the 
top of the wicket in a position less exposed to the kiln gases. 
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After reaching equilibrium a temperature difference of 
1017°C. is indicated between the two points eight inches apart in 
the silica cylinder, a difference of 986° between the two points 
eight inches apart in the quartzite cylinder, and a difference of 
933°C. between the two corresponding points eight inches apart 
in the clay cylinder. The atmosphere temperature at the time 
the final readings were taken was 31°C. The relative thermal 
conductivities of the bodies, silica, quartzite, and clay, was there- 
fore found to be in the proportion of 1017: 986: 933, the silica 
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in this case having a thermal conductivity 8.99 percent greater 
than that of the clay, and the quartzite having a conductivity 
5.68 percent greater than that of the clay. 


DISCUSSION 


Mr. Kinnison: In many engineering publications, ques- 
tions ‘have been answered recently regarding the relative con- 
ductivity of these two materials. The answers have been based 
upon the work done by the Frenchman, Wologdine, and always 
were to the effect that silica products were the poorer conductors. 
D. M. Marshall has brought out the fact that silica brick are 
burned at a higher temperature than clay brick, and that while 
the work of Wologdine applies to temperatures up to 1350°C., 
it does not apply to the temperatures at which silica brick are 
burned commercially (1600°C). 

Prof. Orton: I privately asked Mr. Brown a minute ago, 
whether he had not done work on comparisons of these with 
other bricks; and he said that he had. The work is probably 
not far enough alone to use it in his reply now, but I wonder 
whether it cannot form a part of the paper itself. There are 
refractories on the market for use in making comparisons. 

Mr. Brown: We have made comparisons of the conductiv- 
ity of clay brick, silica brick and magnesite bricks at low tem- 
peratures. 


LABORATORY FURNACES 


BY C. E, FULTON, CREIGHTON, PA. 


The furnaces described will be found to be well adapted for 
use in laboratories where tests are made of refractory clays, or 
clay mixtures. These furnaces have been in regular use in the 
Research Laboratory of the Pittsburgh Plate Glass Company for 
the past two years and have given uniformly satisfactory results. 
By the use of these furnaces, we have been able to get very con- 
cordant results in check burns and great uniformity throughout 
all parts of the furnaces. 


In our work we use two sizes of furnaces,—one which has a 
circular chamber 16 in. in diameter and 10 in. high while the 
other has a circular chamber 8 in. in diameter and 6 in. high. 
The larger one is used for burning trial bars and the smaller one 
for determining the deformation Doe of cones made from clays 
to. be tested. 

The larger furnace is made in three parts: the base, ring, 
and cover. (Fig. 1.) The parts are made by pressing or tamp- 
ing into a wooden mold the fire clay mixture consisting of about 
35 percent raw clay, 25 percent calcined flint clay, ground to pass 
a 6-mesh standard Tyler screen, and 40 percent of old fire bricks 
ground to pass a 3-mesh screen. The wooden mold (Fig. 3) con- 
sists of a ring and a core clamped to the bottom board as shown 
in the photograph. The fire clay batch is mixed thoroughly dry, 
and pugged several times to develop sufficient plasticity for 
molding. The consistency when used is a little softer than that 
required for making stiff mud bricks. 

In forming the base and cover of the larger furnace, the 
core is not used. The fire clay mix is pressed or tamped into the 
mold until it is flush with the top—the ring of the mold being 
of the same height as the base of the furnace. The whole is then 
covered with a damp cloth and allowed to stand over night. The 
base of the furnace should then be firm enough to permit the 
removal of the mold and the cutting of the circular groove and 
the burner holes. The cover is made in the same manner and 
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ean be made of any desired thickness by filling in the mold to 
any required depth. After the mass becomes firm énough, the 
mild is removed and the center hole cut. 


To make the ring of the furnace, the outside of the core to 
the mold is covered with a damp cloth and fitted into place. The 
mix is then tamped in as before. After it has stood for two or 
three hours the core is removed, allowing the cloth to adhere to 
the clay. 





Fie. 3 


The parts of the furnace are dried slowly and burned to 
about cone 8. In setting up the furnace, a fire clay mortar is 
used between the base and the ring, and the exterior is coated 
with asbestos paste and then surrounded by a galvanized iron 
band which extends from the bottom of the furnace base to the 
top of the ring and through which two holes are suitably cut to 
permit the introduction of the burners. For convenience in 
handling, the cover may be cut in half before drying and burn- 
ing. Figure 4 shows this furnace set up and in use. 

The smaller furnace is built up by hand pressing,—using a 
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plaster mold to give it the outside shape. The same fire clay 
batch as given above is used to make this furnace. Figure 2 
gives the dimensions, and Fig. 5 shows this furnace set up and 
in use. 

These furnaces are fired with natural gas and compressed 
air, using the circular or spiral flame recommended by R. T. 
Stull and J. M. Knote.*’ The largest size injector burner made 
by the Buffalo Dental Manufacturing Company is used. The out- 
side diameter of this burner is 2 in. and the length 12 in. Two 
of these burners are used with the larger furnace and one with 
the smaller. The burners project only about an inch into the 
burner holes, and when in operation the space around the burner 
is well mudded up. All gas and air connections are made with 
iron pipe, and the use of fire-inviting and otherwise unsatisfac- 
tory rubber tubing is avoided. 

These furnaces will be found very simple and inexpensive in 
construction, and they ean easily be made in any clay testing 
laboratory by a boy helper. 

With gas at 2-214 pounds and air at 40-60 pounds pressure, 
cone 20 (1530°C) can be attained readily in the larger furnace 
and cone 34 (1750°C) in the smaller. The temperature variation 
in either furnace is never greater than half a cone when proper 
care is taken to see that a correct mixture of gas and air is 


maintained. 
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THE FLOW OF CLAY UNDER PRESSURE? 


BY A. V. BLEININGER AND D. W. ROSS, PITTSBURGH, PA. 


The use of clay in the plastic state involves its function as a 
body possessing to some extent both the properties of a fluid and 
a solid. During the process of molding, it is caused to flow simi- 
larly to a viscous liquid, and upon being shaped, it is supposed 
to stand up under its own weight or greater loads without de- 
formation. When subjected to a stress beyond that of its own 
weight any strain produced does not disappear upon the removal 
of the stress. It is therefore devoid of elasticity. The simplest 
assumption is that a plastic body should conform to the relation 
W—A=K, where 

W=the load imposed upon the specimen at any moment, 

A =sectional area at that instant, and 

K =a constant. 


The stress-strain curve of a perfectly plastic substance 
should thus be a rectangular hyperbola corresponding to the re- 
lation: Wl =k, where |,.—Ilength of specimen under compres- 
sion at the instant the load W is applied. By taking a cylinder 
of plastic clay, subjecting it to increasing loads and noting the 
compression after each increment of weight the relation between 
the length of the specimen and the stress (or load) should result 
in a curve closely approaching a hyperbola. In this case the 
real stress is computed from the nominal stress from the evident 
relation : | 
8 
where S,—real stress—load divided by real area. 
S =nominal stress, load divided by original area. 
1 original length or height. 
1, compressed length. 
By actually plotting load against length, curves are indeed 
obtained which in the case of plastic clays approach the hyper- 


4 By permission of the Director, Bureau of Standards. 
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bolic form. The same relation referred to deformation would 
lead to the expression dk W, where d= deformation. 
From this it appears that we are dealing here with conditions 
closely akin to the measurement of viscosity, and k in the last 
relation would be a constant expressing the viscous state of the 
clay-water system. Unfortunately, no agreement prevails among 
authorities in the field of mechanics concerning the term ‘‘plas- 
tie,’’ and such eminent investigators as Unwin, Merriman, Mar- 
tens, Goodman and others are divided in their views upon this 
subject. It is quite evident that the expression given above is 
only an approximation of the behavior of a plastic body, although 
use has been made of this principle in connection with the study 
of clay by Zschokke? and Grout,® the former applying it to ten- 
sion, the latter to compression. ‘To secure light upon the subject 
a great deal of experimental work remains to be done in order 
that the deformation of clay, in the plastic state with varying 
water contents, be studied from the standpoint of mechanics. 

The greater the water content, the greater a departure we 
should expect from the plastic condition as the fluid state is ap- 
proached. The present work aimed to determine the degree of 
fluidity of clay in the plastic state proper, with varying water 
content. A comparison is obtained by studying the flow of a 
perfect fluid like water. 

Liquids are caused to flow under pressure in accordance 

with a definite law which is expressed by the formula: 
3 V=v2 gh, 
where V is the velocity in feet per second and h the head in feet 
above the discharge orifice, oe being the gravity constant, 32.2 
foot pounds. The actual discharge of a fluid under any given 
pressure depends also upon the viscosity of the fluid and the 
character of the orifice. In the case of water and a plain round 
orifice with sharp edges the flow constant becomes approximately 
0.62, so that the actual discharge is represented by the relation: 
Qu=0.62 Av/2 gh, 

where Qu is the quantity discharged and A the sectional area. 


2 Baumaterialienkunde, (1902) Nos. 24, 25, 26 and ee ANG 1-6. 
3The Plasticity of Clays, Jour. Am. Chem. Soc., 17, 1037 
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An orifice which is rounded so as to form a contracted jet in- 
creases the friction somewhat, but the discharge coefficient is 
increased much more so that it approximates 0.95. For different 
orifices varying velocity coefficients will result. Although the 


discharge coefficient may vary, the function v=K v2 2 oh. remains 


parabolic, since v oc \/' h ex cepting for great pressures. For high 
pressures the compressibility of water must be taken into ac- 
count, which corresponds to a modulus of elasticity of 310,000 
pounds per square inch. Thus the density is increased one per- 
cent under a pressure of 3000 pounds per square inch. 


The parabolic formula thus offers a criterion. of the fluidity 
of clay. If the latter were a aa though possessing a rela- 
remain Loses itis in its ‘of a low cae coefficient due to 
the viscous condition. If, on the other hand, the increase in 
viscosity becomes very great, the condition of a plastic body 18 
reached in which the internal friction is. $0, enormous that the 
fluid character of the mass tends to disappear... alior low water 
contents, the conditign. of a rigid. body would be finally ap- 
proached. 


In the present Ea ath the, on pits os pressure and the 
ane of clay was studied by forcing the latter from:a brass cylin- 
der through an orifice. The cylinder first used was 1.75 inch in 
diameter, inside, 3.5 inches in length and closed at one end by a 
plate 0.25 inch thick provided in the center with a hole 0.25 in. 
in diameter through which the clay was expelled. The edges of 
the opening were ‘sharp. A tight fitting piston was made to work 
in the cylinder. "Tiater, a heavier cylinder of 2 inches inside di- 
ameter and 4.75 inches Palstibae: used, with the same orifice, 
0. 95 inch. The piston head was 2 inches long to provide proper 
guidance and also possessed a heavy. bearing plate at the outside 
end. The cylinder, filled with clay, with the piston head inserted 
its full depth, was placed between the top and bottom plate of 
a 10,000 pound Olsen testing machine, the orifice being on top. 
An aperture of ample size in the upper head of the machine per- 
mitted the escape of clay. The testing machine was sensitive to 
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two pounds and was operated by hand. Figure 1 illustrates the 
testing arrangement. Two kinds of data were obtained, first 
the pressures required to start the flow of the clays with different 
water contents; secondly, the quantities of clay discharged 
through the orifice per minute, with varying pressure and again 
with different contents of water. 











Higa L 


Pressure Required to Start Flow. The operation as carried 
out was as follows: The cylinder was filled with clay and placed 
in position in the machine. The pressure was then applied very 
slowly until flow began to take place. A sample of the clay was 
taken and dried at 110°C. for the determination of the moisture 
content. 
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Sixteen clays were examined in this manner with moisture 
contents varying from the condition in which the mass was ex- 
ceedingly stiff to that in which it had become very soft. The 
results of these tests applied to eight characteristic clays are 
shown in Fig. 2. The different types of clay naturally arrange 
themselves in the order of their water content. High pressures 
are required to cause flow of the clays when they are deficient in 
water, 1. e., when very stiff, and it is seen that in this state they 
rapidly approach the condition of a rigid body, since this part 
of the curve tends to become a line parallel to the abscissa. As 
more water is added the curve rises gradually away from the x 
axis, and at the same time the pressure drops at a decided rate. 
When the most plastic state 1s reached as determined by the feel 
a pronounced curvature occurs. This point (indicated by crosses 
on the curves) therefore is very close to the turning point of the 
curve where it approaches the y axis and later rises with a steep 
gradient and with a distinct tendency to become parallel to the 
ordinate. From here on the mass inclines toward the liquid 
state. Theoretically, the point of optimum plasticity should cor- 
respond to the intersection of the solid-liquid pressure curves, 
and indeed this is shown to apply. The curves themselves are 
hyperbolic in charcter, as is to be expected. 


Owing to the wider range of the water content of the ball 
clay and plastic kaolins, the radius of curvature of their curves 
is, of course, greater than in the case of the clays, the consistency 
of which is dependent on a more limited percentage of water. 
The transition to the fluid branch of the curve must be, therefore, 
more abrupt in the case of the latter than for the former. The 
pressures required to cause flow of the clays in their most plastic 
state do not differ very greatly, and vary between 33 and 84 
pounds per square inch. Owing to the fact that we are dealing 
here only with the initial pressures required to start flow, the 
velocity is practically nil, and hence the values represent the 
minimum under practically static conditions. The enormous in- 
crease In pressure with drop in water content illustrates very 
well the extreme fluctuations in power requirement to which 
auger machines and sewer pipe presses are subject. 
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Rate of Flow Under Different Pressures. These tests were 
made by again filling the cylinder and causing the clay to flow 
under constant pressure, a condition which was maintained by 
keeping the beam of the testing machine in the floating position, 
the rate of applying the load being thus regulated. After the 
flow of clay was well started at the pressure selected the quantity 
expressed per minute was obtained by weighing. The water con- 
tent was determined as usual. 


Two sources of error were encountered which it was impos- 
sible to overcome. One of them was the squeezing out of water 
from the clay, especially at. the higher pressures which left the 
remaining clay in a stiffer condition. The other was the inability 
of the operator to turn the crank with sufficient rapidity to main- 
tain the constant pressure when the rate of efflux was quite high. 
This difficulty could have been overcome by the use of a variable 
speed motor suitably connected up, which, however, was not 
available. This error applies only to the soft mixtures. 

The results are presented in the diagram of Fig. 3, in which 
the middle curve of each set of five is that of the best plasticity. 
The curves as a whole are entirely unlike the parabolic curve 
representing the flow of a liquid under varying pressure. The 
former are more or less convex, the latter is concave. It is evi- 
dent, therefore, that the law of liquid flow dioes not hold in this 
ease. With low water content, the pressure required to bring 
about definite flow per unit time rises very rapidly. As the 
water content becomes higher, the rate of pressure increase be- 
comes smaller and the curve flatter. Finally, with very soft con- 
sistencies, small increments of pressure suffice to cause a large 
inerease in the amount of flow, as is to be expected under the 
conditions of the experiment. As soon as the initial resistance 
is overcome, the soft clay flows very easily, and it is reasonable to 
expect that it would obey the law of flow of liquids with larger 
quantities of discharge which we were unable to determine. This 
is indicated also by the fact, that the direction of the curvature 
changes with an increasing water content and would undoubtedly 
approach the locus of the parabola. 

The pressure required to bring about a definite discharge per 
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minute for an average plastic consistency varies also with the 
character of the clay. It seems to be highest for the Florida kao- 
lin and followed in descending order by the shale, plastic fire 
elay, Georgia kaolin and Tennessee ball clay. The most plastic 
elay, therefore, the ball clay, requires the least pressure to pro- 
duce unit flow. The data is not sufficiently extensive to allow of 
any generalization with reference to the characteristics of the 
clays in this respect. 

The behavior of clay in regard to flow under pressure was 
thus found to vary according to the inherent nature of the ma- 
terial and its water content. Its properties constantly change 
with fluctuations in the proportion between clay and water. With 
a low moisture content, the properties of a solid body are ap- 
proached and with much water those of a fluid. The statement 
frequently made that plastic clay behaves like a liquid is not 
true. 

The present work cannot tbe said to have brought out any 
decided differentiation betwen the more and the less plastic clays, 
but it does not seem improbable that with more refined apparatus 
some pertinent data may be developed. The study of the me- 
chanical properties of plastic clay, although difficult of approach 
should receive more attention from the experimental standpoint, 
as in this direction we must look for definite information con- 
cerning the nature of clay. 


ADDITIONAL NOTES ON THE POWER CONSUMP- 
TION OF STIFF-MUD BRICK MACHINERY 


BY RICHARD R. HICE 


In Volume XIV of the Transactions of the American Cer- 
amic Society I had a short note in reference to the actual power 
consumption of a stiff-mud brick plant. At that time the plant 
in question, having just been rebuilt, was not running to its 
capacity, nor was the entire equipment, as planned, in operation. 
The power. consumption was at that time figured at 30.4 kilowatt- 
hours per M. brick. 

Since these figures were given, a crusher plant has been 
added, operated by one 25 H.P., 60 cycle, 2-phase, 250 V., squir- 
rel-cage type motor, and one 5 H.P. motor to operate the con- 
veyor to the storage bin. There has been a reduction of ten per- 
cent. in the size of the brick manufactured. Aside from these 
changes the equipment and product remain the same. 

It is evident that the change in the size of the brick made, 
requires no difference in the power consumption per ton of pro- 
duct for grinding, elevating or pugging. There is, however, some 
slight increase in power required by the brick machine. How 
much additional power this may require is unknown, but I have 
assumed it would require an additional five percent. 

While the crusher plant is equipped with two motors, of 30 
H.P. capacity, these are carrying their full load but a small por- 
tion of the time, and the additional power required is small com- 
pared with that of the motors installed. 

For the purpose of comparison with the former figures of 
power consumption, I have taken the output for the last six 
months of 1913. During the period 4,593,000 brick were made, 
with a total power consumption of 136,380 kilowatt-hours, an 
average of 29.7 kilowatt-hours per M. brick made. If we assume 
that owing to the smaller size of the brick made the power con- 
sumption per M. brick was 95 percent of what it was with the 
brick formerly made, this would represent a power consumption 
of 31.3 kilowatt-hours per M. brick of the former size, practically 
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1 kilowatt-hour above the former experience. This would proba- 
bly quite closely represent the additional power required in using 
the crusher plant. 7 

In comparing the power consumed during this period month 
by month, we find the power used per M. brick to be: 


LN i ieee pdr Rink May cares 29.58 kilowatt-hours 
ATIOUST ate eae rete 30.55 kilowatt-hours 
Seplemers. Leer ken 28.35 kilowatt-hours 
October= oe eres 28.76 kilowatt-hours 
NoOvVeniber sae ee 31.11 kilowatt-hours 


Decempery saree -,..380.08 kilowatt-hours 


The variation in the current consumed seems to bear no re- 
lation to the number of brick made, as may be noted in the an- 
nexed curve. There does not seem to be any relation between 
other conditions, which might affect the working to some extent, 
and the power used. It is true the consumption in September 
and October was the lowest in the six months, but no reason is 
apparent why the consumption in August should not have been 
as low as that of September or July. The peak in November 
might be explained by the bad weather conditions which existed 
in that month, but the relation seems remote. 

On the whole it seems that the actual results of the six 
mouths under study-compare very closely with the former ex- 
perience, and it would be safé to-say that a brick of the character 
made, 85¢ in. by 414 in. by 236 in. in-size, with the machinery 
equipinent of this plant, will consume about 31.5 kilowatt-hours 
per M. brick, which for a‘brick 814 in. by 4 in. by 2% in. would 
be reduced to approximately 30 kilowatt-hours. 

Tt is almost impossible to compare the results from different 
plants, especially to compare data furnished by other parties, for 
the reason that generally due allowance is not made for the char- 
acter of machinery equipment, the power required for elevators, 
for pumping water, operating drills and other purposes, the ma- 
terial used or the character of the product made. Neither can 
it be overlooked, that where the plant is not operating to its full 
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capacity, the power consumption per unit of product will be quite 
largely increased. 

Data is at hand of one plant equipped with a 9 foot dry pan 
and elevator, pug mill, brick machine and represses, with a total 
instalied power of 157 H.P. It is probable that the one dry pan 
in this case limits the output, which is said to be approximately 
10,000 fire brick per day. The power consumption of this plant 
is approximately 45 kilowatt-hours per M. brick, which would be 
equivalent to probably 37 kilowatt-hours for a brick 814 in. by 
4 in. by 284 in., On the other hand, the output of this plant is 
rated as fire brick, and it is altogether probable that the clay is 
used much coarser for that reason, which would reduce the power 
required for grinding. No information is at hand regarding the 
character of the clay. 

At another plant equipped with two 9 foot dry pans, one 
combination pug mill and auger brick machine, one combination 
pug mill and press-type brick machine, automatic cutter, ele- 
vators, and crusher, with a total installation of 180 H.P. in 
motors, the apparent consumption of power is 23 kilowatt-hours 
per M. brick. However, this plant is manufacturing fire brick 
and oven-bottom tile, and some material is molded by hand. 
Probably the most of the product is made on the press-type brick 
machine, which requires less power than the auger style of 
machine. 


WEATHERING OF FIRE CLAYS IN THE MANUFAC- 
TURE OF FACE BRICK AND PAVING 
BLOCK 


BY L. B. RAINEY, NEW BRIGHTON, PA. 


When visiting the various shops in eastern Ohio and west- 
ern Pennsylvania one cannot help but notice the large percentage 
of the labor cost of operation used in feeding the dry pans. In 
a factory of large capacity from three to five men are used in 
wheeling the clay to each pan. ‘The idea prevails that good ma- 
terial cannot be made, unless the clay receives a few weeks of 
weathering or airing after coming from the mines. 

Expensive crusher outfits will be installed at the top of the © 
incline or shaft where the clay is brought from the mine, and the 
clay will be crushed and taken to stock piles by chutes instead 
of being fed to the pans direct, which would save the labor of 
about six men on a'battery of two pans. From these stock piles, 
it is usually wheeled to the pans at a large cost. 

It was the opinion of the writer that this was all wrong and 
unnecessary. After visiting several factories, studying their 
methods of manufacture, drying and burning, and the results as 
shown by the finished products, this opinion seemed verified. 

At one of the larger paving block factories of eastern Ohio, 
the common practice was to air the clay for about two to four 
weeks. For about two months, the use of the clay just as it 
came from the mines was tried out. The analysis of the clay is 
as follows: 


OES Ne SE sa ol ge kg a 58.10 
DMRS Be UR a ee a a 29 .60 
Peek Oe eee eR oi, tte eS Ce) Ge 1.20 
ON CIN SR pS a ae 0.40 
RCC meet meta niata Re, ah Ft SE 0.54 
1 ONS Na RSE eh Ae ee Cee P75 
JO nea) dr GEES Isl SUN 9) a Ge ea SPO 


100.34 
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The green clay seemed to work as well as the aired clay with 
these few differences: The green clay was much more abrasive 
and wore out the machinery parts faster, such parts as screen 
plates in the pans, pug mill knives, augers, propellers, machine 
dies and repress dies. The shrinkage was practically the same, 
with both clays, and runs about six to eight. percent. 

The drying system used hot air, heated by being drawn 
through steam coils, the steam coming from the exhaust of the 
Corliss engine. The tunnels were 80 ft. long, and the tempera- 
ture about 125° at the cold end and 165° at the hot end. The 
block averaged about 36 hours in the tunnels and when drawn 
were fairly dry, and in good shape for setting. 

Difficulty was experienced at this stage, however, by the 
appearance of small cracks in the block. This trouble was largely 
overcome by the use of one-fourth pound of salt to each wheel- 
barrow full of clay as it was fed to the pans. Practically no dif- 
ference could be noticed in the burning of the material, and as 
near as could be judged the heat treatment was the same in both 
cases, the same cones were used, and the same settle recorded as 
before.. The similarity of the burning actions can be explained 
by the fact that no important difference is brought about by the 
small amount of weathering it gets which is of too short duration 
to bring about mineralogical changes. The weathering of iron 
sulphide, hme, and alkali salts requires a longer time than that 
given to the weathering of the clay. The clay is dropped into 
stock piles on the ground, and very little drainage takes place, 
hence the rain, snow and frost would accomplish but very little 
in this limited time. 

When the kilns were drawn, the percentage of first and sec- 
ond quality brick ran about the same in both aired and green 
clay. In making rattler tests of the material it was noticed that 
the results fell off from one to two percent, that is, a block made 
of aired clay would stand a test of 18 percent while a block from 
green clay would run from 19 to 20 percent. At this factory, 
however, this was no draw back, since the material was still of 
high enough quality to pass the city inspection tests, and no 
trouble was experienced. 
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- Another point noted from the condition of the block and 
the results in the rattler test, was that kilns made from green 
clays, to give good results, seemed to require more cautious. cool- 
ing. after the firing was finished. It was found to be good practice 
to add about one day to the cooling period, making it six days 
from the finish to the time of drawing instead of five, as before. 
The doors were torn down, and the crown holes opened to cor- 
respond to this increased period. } 

' When cooled too quickly, the blocks had no hfe and went 
to pieces in the rattler; they also showed a tendency to check in 
small spider-web size eracks. This applies particularly to block 
in the doérway of thé kiln. | | v 

Results were noticed in a factory in western Pennsylvania 
manufacturing a face brick of the flashed type, using the No. 2 
fire clay of the Lower Kittanning vein. The analysis is as fol- 
lows: 


fig ea a A dig Oe oy ae a eats 
One Oe Os RITE Oe, SHOR GA EAUS hSa os., ek Sok, 69.34 
Ie Rey SUR A” SRR ONS DARL tes gn a a 24,22 
LAO)” Glakn ne NARs: ordi aie ean, al nan ree a 0.08 
JAG ee OE cel A a Oe IY RD Sa or Trace 
1 EU ROWES SSS WN i oa No ae en ie eC None 


This clay is fed direct from mine to pans. The results 
seemed identical with those noted before, except that no trouble 
was experienced in the drying tunnels at this factory. The dry- 
ers are of the radiation type, direct fired, and burn coal for fuel. 

The brick came out bone dry and entirely free from cracks. 

The burning is done in down draft, periodic kilns, and the 
methods used were the same in both eases. The brick from green 
clays when drawn, however, are of a decidedly brighter color than 
the brick from aired clay. The kilns required more time and 
labor in sorting due to the fact that the clay comes from different 
parts of the mine, a car coming from one room on one side of 
the entry and the next car coming from a point in the mine 
possibly 100 yards distant, the clay not running uniform over 
the entire mine. This can be controlled by running the clay into 
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a large bin where it would mix, and then feeding by chutes to 
the pans direct. ) | 

The different shades, however, were all desirable shades, and 
the small amount of extra time required in sorting did not 
amount to anything in view of the large saving made by using 
the green clay and by only handling it once. | 

In conelusion, I think that by the expenditure of a few hun- 
dred dollars and the use of green clays in the proper manner, 
that nine factories out of ten in the district mentioned (this 
applies to face brick, paving block and sewer pipe factories) 
could eliminate five to seven men at the dry pans, or such expen- 
sive apparatus as clam shell shovels, steam shovels and other 
mechanical devices. 


A LABORATORY OVEN PROVIDED WITH RECORD- 
ING ATTACHMENTS FOR THE STUDY OF 
THE DRYING OF CLAYS! 


BY A. V. BLEININGER, PITTSBURGH, PA. 


In comparing clays with reference to their behavior in dry- 
ing, it is essential first of all that the conditions be kept as con- 
stant as possible. It is necessary that the initial volume and 
shape of the specimen be kept the same, and that the tempera- 
ture, humidity and velocity of the air used in drying be kept 
constant. Unless such conditions prevail, it will be impossible 
to arrive at definite data concerning the rate of evaporation of 
' water from the clay, since there are too many variables involved 
to make possible a solution. Under ideal conditions, the only 
variable remaining should ‘be that expressing the physical struc- 
ture of the clay in its effect upon the rate of drying. In order 
to establish such conditions the drying oven described in this 
paper was constructed. It might.be stated in advance that such 
refined control as is practiced in physical-chemical work, where, 
for instance, the temperature is controlled to within one-hun- 
dredth of a degree, was not considered necessary, considering the 
large size of the specimen and the desired degree of accuracy. 

In brief, the apparatus consists of a pressure regulator, con- 
trolling the flow of air into the dryer, a desiccator for producing 
practically a constant, minimum humidity, a heater provided 
with a thermostat for raising the air to a constant temperature, 
and the drying oven proper, in which the loss in weight and the 
shrinkage are being recorded automatically. 

The air used is obtained from a compressed air line, and the 
flow is regulated by means of a pipe immersed to a definite depth 
in oil, which is contained in a two inch pipe. The line valve is 
so adjusted, that a slight excess of air is always provided which 
constantly bubbles up through the oil. With a higher initial 
pressure the volume of air thus escaping is greater, and less 


1 By permission of the Director, Bureau of Standards. 
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with a decrease in pressure. A large bottle inserted between the 
line and the pressure regulator removes any water carried along 
by the air. A pressure gauge, graduated to hundredths of an 
inch of water head, is provided between the regulator. and the 
dryer, and serves to control the pressure under which the air 
enters the dryer. It is kept constant at 0.14 of an inch. 
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The desiccating chamber consists of a galvanized iron box, 
painted on the inside with asphaltum paint, and is 18 in. high, 
with a cross section of 12 in. by 10 in. It contains nine screen 
pans, composed of a frame covered with 20 mesh screen cloth, 
which are placed in position, horizontally, in such a manner that 
the current of air which enters at the bottom is compelled to flow 
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through the chamber zig-zag fashion over the entire surface of 
the pans. The latter have sides one-half inch high and can hold 
about six pounds of calcium chloride. The desiccated air leaves 
through a 2 in. pipe at the side and near the top of the desicca- 
tor. The volume of this receptacle andi of the pipes is so large 
that the velocity of the air is small, and friction losses very 
slight. The air then flows through a goose neck to the heater, 
where it enters at the bottom into the distributing space, of the 
eross section of the oven and 114 in. high. The heater has a 
height of 1334 in. over all and a eross section of 814 in. by 12 in. 
The air flows upward around 46 vertical brass tubes, one-half 
inch in diameter and one-sixteenth inch in thickness, arranged in 
staggered rows. These are heated from the inside by the hot 
gases from a gas burner below the oven. The heat of the flame 
is distributed by means of a baffle and a perforated plate. The 
combustion gases escape on top from a space communicating with 
the brass tubes. ‘The heated air is drawn off to a collecting space 
through a 214 in. opening and into a 214 in. pipe conveying it to 
the dryer proper. Tubulatures are provided on top for the in- 
sertion of a thermometer and the brass cylinder of the thermo- 
stat. The latter is the Bean regulator, electrically operated and 
regulates the gas supply to the burner by opening or closing a 
ball valve. A pressure regulator of the floating tank type also 
controls the pressure of the gas. The oven is covered with as- 
bestos lagging. The drying oven is also made of copper, heavily 
lagged, and consists of a chamber 11 in. by 10 in. by 10 in., con- 
necting on one end to a distributing space one inch wide and on 
the other with an exit flue of the same width and 14 in. high. 
The heated air upon arriving in the distributing space is com- 
pelled to flow through a perforated partition, having numerous 
openings of 14 in. diameter, 34 in. center to center. In this man- 
ner any currents are broken up and the flow rendered more uni- 
form. Similarly, on the opposite side, the partition wall is of the 
same character arranged for the same purpose in regard to the 
exit of the air. 

Two clay specimens are required, 2 inches high and 3.14 
inches in diameter, made from the same lump of clay. One of 
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these is placed on a perforated brass plate attached by means of 
a rod to a postal scale underneath the oven. The scale was care- 
fully calibrated before using it. A long thin bar attached to the 
pointer of the scale and provided at its extremity with a pan, 
records the weight upon a chart running on two brass rollers, 314. 
in. long, with diameters of 2 in. and 34 in. respectively. Owing 
to the length of the pointer the reading is considerably magnified. 
The clay cylinder is covered on top with a brass plate similar to 
the bottom one. The other clay specimen is supported by a per- 
forated brass plate fixed firmly in position and is likewise covered 
with a perforated top plate. A brass rod rests upon the latter 
and extends out through the oven, forming the fulerum of a long 
brass lever to which a pen is attached near the end. A greatly 
magnified record is made upon a clock driven chart. The dryer 
is also provided with tubulatures for the insertion of thermome- 
ters. The apparatus thus records the shrinkage and loss in 
weight of the two cylinders simultaneously. The specimens are 
introduced through a large door in the front side which is pro- 
vided with grooves so as to form tight joints. Although, of 
course, the usual adjustments have been found necessary and im- 
provements could undoubtedly be made, the apparatus works 
very satisfactorily. At first a considerably more elaborate con- 
struction was contemplated, but the lack of funds made necessary 
the use of the present form. 


The diagrams of Figures 1 and 2 show the construction of 
the heater and the drying oven proper and Fig. 3 the appearance 
of the complete set-up. | 


In operating the dryer, a lump of clay in aie plastic state 
is prepared. by thorough wedging from which two eylindrical 
pieces 2 in. high and 3.14 in. in diameter are pressed in a metal 
mold. These specimens weigh about 540 grams each. They are 
put in a tightly closed vessel containing some water, for 24 hours, 
when they are weighed and placed in the dryer which has bee 
brought to the standard temperature, 62°C: 

Some of the drying curves during the earlier part of the 
work, while some adjustments were still being made, are shown 
in the diagram of Fig. 4. These curves may be used to represent 
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the drying behavior of the clays, and from them a value is ob- 
tained which expresses their characteristic quality with respect 
to drying. Such a factor would be the mean value of the drying 
shrinkage covered by the time, between the origin of the curve 
and that point at which shrinkage has ceased. Thus, if shrink- 
age is represented by y, and time by x, and the beginning and 
end of the time interval by o and t respectively, the mean value 
of y between xo and x=t is obtained by the expression: 


< 
y dx 
t 
O 


The integration may be accomplished by determining the area 
enclosed between the curve and the points o and t on the x axis, 
using either the planimeter, computation of the mean ordinate 
or Simpson’s rule. This value is then divided by t and the mean 
value of y thus obtained. This expression gives the average per- 
eent of shrinkage, in relation to the time of drying. The greater 
the value, the more difficultly does the clay dry. It is, of course, 
important in this work to fix the point at which shrinkage has 
ceased, as accurately as possible, which is not difficult. The mean 
shrinkages shown by the six clays represented in the diagram of 
Fig. 4 obtained by means of this planimeter are as follows: 











Glays N07 Lec 6 oo aeeee eee ee 5.60 percent 
Clay NOs eae ie net oats 5.80 percent 
Clay NO pa eee ie ee 4.25 percent 
Glay (NOs ian i i ee 3.30 percent 
Clay «NO 5s iy ae ee 2.46 percent 
Clay “No“OS ea Sr ane ee 2.05 percent 


It is also possible to caleulate a factor involving the loss of 
water as well. As far as this work is concerned, only the water 
which is evaporated during the shrinkage period is of interest. 
Thus the mean loss of water (by weight) up to the point at 
which shrinkage has ceased might give a factor characteristic 
of the clay. The curve likewise is capable of bringing out cer- 
tain accelerations and retardations which may be of significance, 
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as, for instance, in curve No. 5. The work has not progressed far 
enough to go in sufficient detail into several points which have 
been brought out. 


DISCUSSION 


Mr. Rk. J. Montgomery: I want to speak of one point in 
connection with this paper. Mr. Bleininger spoke of using a 
sample two pounds in weight. That would be a fairly good size 
block. I wonder whether in comparing the shrinkage and loss 
of water, he took into consideration the surface drying. Any 
ordinary rate of evaporation would give surface drying, and the 
shrinkage would not be proportional to the water present. 

Mr. Bleoninger: Evaporation is bound to take place from 
the surface, and not until shrinkage has ceased will inter-poral 
evaporation come into play. There must be flow from the inter. 
ior towards the surface, and I do not see how this will affect the 
test. : 

Mr. R. J. Montgomery: J mean that.the water is not uni- 
formly distributed throughout the piece. The drying comes on 
the surface first, and there is higher moisture toward the center 
of the piece. The water then is not proportional to the shrink- 
age, because you have not a uniform water-content throughout 
the piece. : 

Mr. Blemminger: The shrinkage is coincident with loss in 
weight, and the two are proportional. Of course the point that 
you bring out applies equally to all drying clays. The main 
thing, however, is to get consistency in operation. The minute 
you produce variations of any kind or complicate the drying, 
you cannot compare the drying figures of one clay with those 
of another. 

Mr. Montgomery: In this method would you not have to 
use the same sized test pieces for all clays? 

Mr. Blerninger: Yes. 


POTTERS’ ROTARY STOVEROOMS 


BY HERFORD HOPE, BEAVER FALLS, PA., AND B. D. HARDESTY, 
CANONSBURG, PA. 


As is well known to the majority of potters, rotary stove- 
rooms have been used for many years in Europe, but so far as 
the writers are aware, their use in the United States has been 
very much restricted. 

Their chief advantage over the prevailing type of stove- 
rooms, lies in the greatly lessened distance the moldrunner has 
to travel, thus considerably lightening his work. Owing chiefly, 
no doubt, to the fact that a scarcity of boy labor has been acutely 
felt only within the last few years, very little thought has been 
given to making the work easier; but during the summer of 1913, 
the jiggermen of the East Liverpool potteries, in particular, 
were handicapped to such an extent by the lack of necessary 
boys, that many jiggers were idle, and the output of the potteries 
perceptibly reduced. Not only does the use of rotary stoverooms 
lessen the work required of the moldrunner, but working condi- 
tions are improved by almost entirely preventing the continual 
running into and out of a heated and moist atmosphere. <A jigger 
supplied with these stoverooms is shown in Fig. 1. | 


With a shorter mold running distance, and consequently 
more time to spare, the moldrunner can always keep the batter- 
out supplied with molds, and thus the occasional delay in filling 
molds is prevented, and the jiggerman’s output increased. Where 
two moldrunners are necessary under the prevailing system of 
stoverooms, one is sufficient when using the rotary type. In 
short, the advantages to the jiggerman are sufficiently evident 
and render unnecessary further discussion on this point. 

In this case, as in others in which the workmen are directly 
benefitted, the argument is often advanced that no advantage 
accrues to the firm in return for the cost of replacement of the 
stationary stoverooms by the rotary type (though in new con- 
struction there is not much additional cost in building the lat- 
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Fig. 2 
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ter). At first sight this appears to be true, but a brief consider- 
ation of the matter will lead to the following conclusions: 


1. Where the best working facilities are provided it is eas- 
ier to secure the best workmen, other things being equal. 

2. Although no reduction in the current piece-work prices 
paid for jiggering are anticipated in adopting an improvement 
such as that under discussion, vet as the cost and difficulty, in 
securing ‘help, inereases, it would be necessary for the jiggermen 
to secure an advance in price, so that their net wages would not 
be decreased. The rotary stoverooms, by saving labor, thus tends 
to prevent increase of manufacturing cost. 

3. The increased output, due to more regular attendance of 
the boys, provides for the more prompt filling of orders and 
tends to reduce the proportion of dead expenses. 

Before proceeding to a detailed description of the con- 
struction of the rotary stoverooms, a brief account should be given 
of the other types, the ordinary or fixed, and the drawer or slide 
stoveroom. 

A description of the first is hardly necessary, so universal is 
their use. It will suffice to state, that they are usually 14, 16, 
or 20 feet long, about 8 feet high, and 4 feet or 4 feet 6 inches 
wide, the shelves ‘being usually 8, 10, or 12 inches wide, and run- 
ning the entire length. The steam pipes are placed the length 
of the floor, preferably under the shelves, sometimes in the mid- 
dle of the room, and then they are covered with a false floor. 

The drawer or slide type, which has much to commend its 
use, consists of shelves 7 or 8 feet long, fastened between two 
heavy boards which form the ends of each slide and which are 
suspended from the axle of a sheave running on an overhead 
track, (preferably of iron so that. no warping can take place): 
The two ends are tied together with rods running parallel to 
the shelves. As each drawer or slide is pulled out for use, the 
rear end board closes the space from which the slide has been 
drawn. This arrangement will be clear by. reference to Fig. 2, 
from a photograph taken at the Dresden Pottery, East Liverpool, 
by kind permission of the management. It will be readily seen 
that the shelves are packed closely together, no aisles being neces- 
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sary, but on account of drawing out the slide for its full length, 
it is necessary to provide space double the length of the slide 
itself. 


The following description of a rotary stoveroom applies par- 
ticularly to those erected in the plant of the Mayer China Co., 
of Beaver Falls, during the year 1913, and wiil be rendered more 
intelligible by reference to Fig. 3. The stoveroom proper, 1. e. 
that part which rotates, is carried by means of a east iron step 
on a 4 by 8 timber, lying at right angles to the joists of the 
floor, and in length nearly equal to the diameter of the stove- 
room. As indicated in the drawing, the upper part of which 
shows the principle of construction and the lower the heating 
arrangements, a hollow six-sided post made of 2 by 6 hemlock 
is fitted into the lower casting, the bottom of which ends in the 
pin of the step. A hexagonal iron cap surmounted by a pin 
forms the top bearing and holds the post together -at the top. 
The lowest shelf rests at its inner end on an iron rim, 214 inches 
wide, projecting from the lower casting. The outer end is sup- 
ported by an iron angle piece, through which a half inch rod 
passes on its way to the upper bearing casting, from which lugs 
project, thus supporting the rod at its upper end. Boards equal 
in width to the shelves, and reaching to the top shelf, are set 
vertically upon the angle casting through which the lower end 
of the rod passes, the boards being erected in pairs, fastened to- 
vether by means of 1 by 11% or 1 by 2 strips, which at the same 
time serve as supports for the outer ends of the sheives. Corres- 
ponding strips are nailed to the center post and support the 
inner ends of the shelves. The shelves, themselves, may be of 
any desired width, those in the stoveroom referred to ‘being eight 
inches. A clearance of about two inches is allowed between the 
rotary part and the closest part of the outside shell, the latter 
being built in the form of an octagon in order to save as much 
space as possible. When saving of room is not considered im- 
portant the outer frame may be hexagonal. See Fig. 4. 

The following comparison of the three principal types of 
stoverooms will show that so far as space is concerned no very 
great difference between the three is found to exist: 
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Comparison of Space. Ordinary stoveroom, 4 feet wide, by 
16 feet long, by 8 feet high, contains 512 cubic feet, and 16 
shelves; holds 4224 dozens of 7 in. plate molds. 1 cu. Tt. per 
mold. 


Drawer or slide soy efbomn 114 feet wide, by 16 feet long, by 
8 feet high, contains 144 cubic feet, 16 shelves, and holds 1024 
dozens of 7 in. plate molds. 11 eu. ft. per mold. 

Rotary stoveroom, 11 ft. 2 in. diameter of octagon, 8 feet 
high, 16 58-in. shelves, 872 cubic feet, holds 72 dozens of 7 in. 
plate molds. 1.01 eu. ft. per mold. 

In making a comparison of mold-running distance, it seems 
fair to assume that both the regular fixed and the rotary rooms 
are placed four feet behind the jigger, while the slide may come 
to a distance of three feet on account of the ease with which it 
may be pushed back, if required. The lateral distance over 
which the mold runner would travel is assumed to be the same 
in all cases, though in the case ofa single rotary stove room the 
advantage would le with the latter, since it would naturally be 
placed with its center exactly opposite the mold board upon 
which the filled molds are placed by the jiggerman. Of course, 
the distance from the center of the stoveroom shelves to the jig- 
ver does not represent the whole course over which the mold run- 
ner travels, but as he returns to those two pornts, they offer a 
fair basis for comparison. The figures given below are based on 
a day’s work of 200 dozen of ware, it being assumed that the 
mold runner carries two molds each trip: 


Comparison of Mold Running Distances. Ordinary stove- 
room 16 feet long means 8 feet to center plus 4 feet, equals 12 
ft. to run twice for 1200 trips equals 5.45 miles per day. : 

Drawer or slide stoveroom 8 feet long, 4 feet to center plus 
3 ft. equals 7 ft. to run twice for 1200 trips equals 3.18 miles 
per day. 

Rotary stoveroom 11 ft., 6 in. diameter, 60 in. shelves equals 
214 feet to center of shelves plus 4 ft. equals 614 ft. to run twice 
for 1200 trips equals 2.95 miles per day. 

In the ease of a rotary stoveroom of average size, say 9 ft. 
6 in. having shelves 48 in. long, the total distance would be 
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further reduced by nearly a quarter of a mile. This would also 
be true of the other stoverooms if similarly reduced in length. 


Comparison of Cost of Erection. While it has not been 
possible for the writers to make an accurate estimate of the cost 
of erecting the stoverooms mentioned, a rough comparison can 
be made. For equal quantities of molds, it is evident that the 
shelving must be about equal for any kind of stoveroom, though 
the lumber used as covering will be less per mold for the slide 
type than for any other, since all the enclosed space is entirely 
filled with shelves. The rotary rooms undoubtedly require more 
lumber and work in the construction than either of the others, 
especially when isolated or erected in pairs as indicated in clay 
shop plan No. 2. (See Fig. 7.) The ordinary stoverooms re- 
quire no castings or machine work and may be left out in this 
comparison. The cost of installing iron tracks, which would 
seem to be indispensable to permanent smoothness of working in 
the case of the slide stoverooms, together with the cost of the iron 
sheaves and other connections, would probably be greater than 
boring and turning up the castings for the rotary rooms. The 
complete cost of a set of the latter, including boring and turning, 
was quoted at 15 dollars by a local firm. 

Approximately the same length of steam pipes would be 
used in each ease, as this is largely determined by the amount of 
moisture to be evaporated from the clay and damp molds, though 
of course the air circulation is a very important factor. In 
‘practice, the rotary stoverooms have been found to dry somewhat 
more quickly than the ordinary kind, the air volumes per linear 
foot-of 1 in. pipe (about 5 cu. ft.) being approximately the 
same. This superiority in drying is probably due to the im- 
proved air circulation afforded by the doors at the rear, and by 
the space around the center post at the top of the room. 

Where a single rotary stoveroom is required to serve a Jig- 
ger, each section should be partitioned off from the others by 
means of flooring or boards placed vertically between the double 
row of shelves. By close inspection of Fig. 5 it will be seen that 
this has been done. The same illustration shows the double shelf 
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at the bottom which prevents the molds on the bottom shelf get- 
ting burnt by reason of their proximity to the steam pipes. 

Owing to the great diversity in sizes of pottery molds, it is 
evident that the length of the shelves (and consequently the di- 
ameter of the whole stoveroom) must be varied in accordance 
with the measurements of the mold to be used in that particular 
room. <Any attempt at uniformity of size is a serious mistake, 
as it must inevitably result in loss of space. We have found that 
» an average distance of four feet between the jigger and stove- 
room 1s satisfactory, and this may be decreased if there is no 
occasion for anyone passing behind the jiggerman. Where a clay 
truck must pass behind the jiggerman, the distance should be 
increased. 

Figures 6 and 7 show two separate plans for the arrange- 
ment of the clay shop of a seven kiln pottery, when equipped 
with rotary stoverooms, plan No. 1, Fig. 6, being 80 by 150 feet, 
and No. 2, Fig. 7, 85 by 150-feet. It will be noted, in Fig. 6, the 
aisle for trucking clay is placed next to the outside wali in ac- 
cordance with the most recent practice. This saves the annoyance 
and confusion incident to the constant wheeling of the clay truck 
behind the jiggermen. The other plan (Fig. 7), is so arranged, 
that an aisle between each set of stoverooms permits the delivery 
of clay to the batter-out, thereby preventing the clay truck from 
passing behind the jiggerman. This aisle also allows plenty of 
room around the end of the finisher’s boards when on the bench; 
and it should be pointed out in this connection, that the finishers 
work by the side of the jigger in each ease. This arrangement 
saves a great deal of unnecessary handling of boards; so long as 
the finisher keeps up with his work, and: the ware is fit to finish. 
When flor any reason a finisher is not able to finish the ware as it 
comes off the molds, several extra. benches are provided in var- 
ious parts of the shop so as to save unnecessary handling of 
boards. Another advantage of this arrangement is that the fin- 
isher 1s constantly under the eye of the jiggerman, and much 
eareless handling and consequent breakage of ware is thus avoid- 
ed. In plan No. 1 the stoverooms are grouped together as much 
as possible, thus saving cost in erection. In plan No. 2 the 
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stoverooms are necessarily either single, or in pairs, owing to the 
system of supplying the batters-out with clay, which system does 
not permit the clay truck to pass behind the jiggerman. 

The two plans are purposely made quite dissimilar so that 
features of each may be emphasized. It will be found of ad- 
vantage to provide doors at the side or back of any rotary stove- 
room, especially since there will be found room here for mold 
storage, and the rooms can be much more quickly filled and emp- 
tied than if the molds had to be carried round to the front, as 1s 
necessary with the common type of rooms. Mention has already 
been made of the aisle for trucking clay in front of the jigger, 
shown on plan No. 1, but the system of loading the clay truck in 
the sliphouse and bringing it up on a platform elevator as indi- 
cated in the same plan, appears to the writers far preferable to 
the usual method of sending up each lump separately on a belt 
elevator. 

While the rotary stoverooms possess certain advantages over 
the slide or drawer type, the latter are far preferable for square 
or oval dishes. If the slides are so arranged that every third one 
contains flags, then when both the latter and the slide containing 
the molds and ware are pulled out at the same time, the dish- 
maker can stand betwen the two and transfer the ware from the 
molds to the flags without the inconvenience and discomfort at- 
tending the work when it has to be performed in the hot and 
rather dark stoveroom, as is usually the case at present. If these 
slides are made 12 in., 15 in. and 18 in. wide, and placed thus 
consecutively, first three containing molds, then the same num- 
ber containing flags, a practically uniform distance will be main- 
tained between the molds and flags. This arrangement can be 
seen by reference to plan No. 2. 

In order to make details of the two clay shop plans intelli- 
eible, it should be stated that the round tables for casters are 
fully described elsewhere in this volume, and that the small 
spaces allotted to the finishers for filing benches are a precaution 
frequently ignored, and yet the lack of some such precaution is 
often made evident by the iron specks in the body. A magnet 
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kept in the bottom of such filing boxes would aid materially in 
preventing the filings from becoming scattered. 

An objection, sometimes urged against rotary stoverooms, 1s 
that too much weight is concentrated at one point, thereby ren- 
dering dangerous the erection of such stoverooms on an upper 
floor. A little ealeulation will suffice to prove that such fears 
are groundless, as single 2 by 12 pine joists on 12 in. centers 
will hold three or four times the weight of a 10 or 12 foot diame- 
ter stoveroom, provided, of course, that the timber upon which 
the step rests is almost as long as the diameter of the room. It 
is, however, a wise precaution to double or triple the joists im- 
mediately under the rooms when new construction is undertaken. 

In conclusion, the writers wish to state that both the rotary 
and the slide or drawer stoverooms are so decided an improve- 
ment over the prevailing type, that either one or the other should 
be adopted wherever possible, the particular one adopted de- 
pending largely upon width or length of the space at one’s dis- 
posal. 


DESIGNS OF SEVEN TEST KILNS 


BY R. T. STULL AND R. K. HURSH, URBANA, ILLINOIS 


In presenting the designs of these test kiins, no claims are 
made to original ideas. In the design of each kiln, an attempt 
has been made to combine well-known principles in such a man- 
ner as to best meet the conditions and requirements which the 
kiln is to meet. 

All flues leading from the-kilns are placed under the floor. 
These connect with two main flues 15 in. wide by 30 in. deep, 
which in turn connect with a 60 ft. stack. Kiln represented by 
Figs. 1 and 2 is of the down-draft, open fire type, provided with 
two fire boxes. The fire boxes are short and wide, facilitating 
easy cleaning and prolonged life of grate bars. The kiln is 
provided with a flue system so that forced draft may be applied 
either above or below the grates. The kiln has been in use over 
two years and has been fired repeatedly to cone 16. It has a 
surplus of draft so that it has not been necessary to use forced 
draft to reach high temperatures. 

In Figs. 3 and 4 is shown a rectanglar down-draft muffle 
kiln. The. muffle. is. 2: ft. by 3 ft. and 3. ft: to the spring. The 
muffle walls are laid with hollow blocks beveled at the corners 
in order to give greater radiation surface. The-same size and 
style of fire box is used in this kiln as in the former one. The 
kiln has been burned to cone 8 in twelve hours. After two years 
of use, it is in excellent. condition. 

Figures 5 and 6 represent a round down-draft open fire 
kiln. Fuel oil, delivered’ to the kiln under 5 lbs. pressure, and 
air at 2 lbs. are used in firing. The four burners lead tangen- 
tially into a.combustion ring. The fire gases pass up over a cir- 
cular flash: wall and down through the perforated floor. 

The crown is removable and is raised and lowered by a three 
ton chain hoist running on a track. This arrangement permits 
of easy and quick setting and eliminates the troublesome cold 
doorway. .The temperature and kiln atmosphere can be gov- 
erned very closely. The kiln has been in use for more than a 
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year. Although it is capable of attaining very high tempera- 
tures, there has been no oceasion to fire it above cone 8. This 
temperature has been attained with only two burners in use. 
Figures 7 and 8: Open fire, down-draft kiln: The kiln 
is fired by gas and compressed air, both being preheated in coils 





Fic. 2 


of wrought iron pipe suspended in the out-going flue. The flue 
is provided with an opening just below the damper. Through 
this, air can be admitted in order to prevent over-heating of the 
coils. The kiln is fired by ten burners made from ordinary pipe 
fittings. Each burner is about the size of an ordinary Bunsen 
blast lamp. The kiln has been fired to cone 14 in six hours. 
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The setting chamber is 12:in. by 22 in. by 9 in. to the 
spring, and 4 in. rise. The kiln is especially adapted to clay 
testing. Two plugs in the crown, one in the back and one in the 
wicket, are provided for drawing trials. 
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Figure 9: Battery of three calcining kilns: Each unit is 
fired by fuel oil and compressed air. The combustion chamber 
‘at the top is cylindrical in form, the flame entering tangentially. 
Each unit is provided with two calcining chambers. The kilns 
are designed especially for burning small batches of Portland 
‘cement, and for calcining clays and dry colors. The material 
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to be calcined may be placed on the bottom plate of the chamber 
or in covered flat tile saggers. 


Figure 10: Twin muffle kiln: The kiln was designed es- 
pecially for firing enamels for metals and overglaze colors. Each 
muffle is heated by two gas burners, the air being preheated in 
the recuperator below the muffle. The gas passes in horizontally 
and meets the air coming up from the recuperator. The flame 
passes back to the opposite end of the muffle then turns and 
passes twice around the muffle to the center and down into the © 
recuperator. The hottest parts of the flames from the two burn- 
ers applied to each muffle, moving in opposite directions, encircle 
the muffle ends first, then encircle the middle, thereby neutraliz- 
ing the ‘‘eold end’’ effect and giving a more uniform muffle - 
temperature. 

Figure 11: Battery of four drop-frit furnaces: Each fur- 
nace is fired by two small gas burners made from pipe fittings. 
The gas and air are preheated in wrought iron pipe coils placed 
in the outgoing flue. The flames pass into the combustion ring 
tangentially, then pass over a flash ring and down around the 
crucible. The frit pan underneath when filled with water forms 
a ‘‘water seal.’’ The bottom of the pan is curved so that the 
frit can be raked out, making it unnecessary to remove the pan. 
The principal objection in the construction of the furnace is that 
the frit pan is too close to the fire. It should be placed about 
two to three courses of brick lower in order to obviate the rapid 
evaporation of the water and the burning of the top of the pan. 


Oeramic Laboratories, 
University of Illinois 


DISCUSSION 


Mr. Blar: Will Professor Stull give us an idea of the cost 
of burning that first kiln ? 

Prof. Stull: Yes, I can give you an idea of the cost. Like 
Professor Bleininger, I did not want to seare you to death with 
the figures. <A large fill was made on the present site of the new 
kiln house. In building the foundations for these kilns, it was 
necessary to go down so deep to get solid ground that it brought 
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up the costs enormously. The cost of that part below ground is 
nearly as much as that above ground. The first furnace shown 
cost between seven hundred and eight ‘hundred dollars, that is, 
as near as I can remember. The figure given is for the kiln 
complete, including foundation, flues, iron work and all. Plenty 
of iron work has been placed on all kilns with ia view to having 
them well braced. 


DESIGNS OF SEVEN TEST KILNS 


438 





Ses sae) 
N) 
NY 


\\ 


A 9 P4YL Yorgr2S-s¢901) 



























































Y FT 
y 

ee 
est 3 


ae tt 
‘= hil 


ANN | | 
: \ oe mal z == Semis == 
ay : Spem||satee| |RSS 
phe oT Leia ah ES 
y Y KO \ N N MN) Ae 
a /e 1/0. 














Gans 
1X 
i; 


' 
“2Ayg ofl Eusu2do Sujymoys 


TIO NLYf UOLIZS-SSOMD 




















Ny LSA 
diaijuo 
















40o/f PUD omYyso/s Susmoys 


LY WAG UOTLIES -SSOAD 


| gg 


LM LL 


LEX 








GIO GNSS, \ 
SRN 


Yes 


RE 
Ul LL 
YRS 





| 
VA Or 
ioe 





2, 
Ms 
yy 





UW, WY 





o,,2,5* 
O.%.9 
O.O7,8 






y 

















RRRROR 
RHR i UML 
RRR iauamcne us 








HSE PTUIALS CoO MAX TON 206 9F0 We SN HHL 


DESIGNS OF SEVEN TEST KILNS 





6 


Fia. 


440 DESIGNS OF SEVEN TEST KILNS 





















eas 
eT | 











STULL & HURSH 











GAS -AIFED TEST HIALN 














DETAILS ANO SPECIFICATIONS 
FOR RECTANGULAR DOWN -ORAFT 

























































































pee io 
Pies | 


as 


NS 











Z YUMMY, 
B Wii 










PA 
VZZZZLLL 
ecceee) 


KK : CME 

















NS SS 
e at 
LSNSUSQg 





TRANS. AM. CER S00. VOL.XV/ 
x4 








DESIGNS OF SEVEN TEST KILNS 44] 








Fic. 8 


SEVEN TEST KILNS 


DESIGNS OF 


442 





VALLLMILL LL LAIN 
CMMI LAL 
je te ee 










































































CEES ILI 
i 7 

CE TOA rr OE HIF 

| WD | VLA LLL. 

LIN La 

as LG J acl 

DOOM oy NOON M Ai 
mass | NS SZ 
Cee gS Rou aleve YZ 

eect Eee Bie ee ee 

| ommeWr | VYipa ) 
S aaa OWL VILLI REELED 

(cece mocecee WILLNS| MALE MELEE. 

| An Eo OL RR) 

i | eee ee en a A 

[a eared er eseccale VAS III}. 

Vg ete ee eres ae s/n YY 

a ne eS LLL | VU Na OPV LL 

| 1 GCs ee ae LOLOL. 
een A OY(vJA KY 4G 

NUYLSAL LNIWAIP nal A a LI ahs 
al: 7) 5 A 3 
DIS HO ee 7777 EAS Ss ZZ 


a 7/77 
aot 








WAMILL LL UMLEUULLLLULA, 
SHAW LAAULVULIIA Li, 
WLM Lis VALE 

WLAN VL 
LIME ea 
PAIR NS 
yp) WD 


VALLI LL | OM 
CLEA EMA ONOQ)CLLLE 





~- SS 






Woes, 


‘GQ NOl,~zz¢ 





DRG NOILITGO 


HSYMA YP TIALS 627 JAN 7ON 20S Wz WY SNELL 


443 


DESIGNS OF SEVEN TEST KILNS 








NTH 774I0W 











































PE 77 


qivle -SYO AVL 
S71¥130 ma 
| Z LS LLZAEAN) 
| | Z \ZZZAYp 
 \ ay | : Z i miei 
shied? tJ Ie cameaes (ZZ 7). 





o | eee BF: 














eS aes 
LIPATTT IRE 























13 









< 


Ti My 



































Se 





[OOVOOO OOO 
eerie aa 
\ JOOS OHOOVOO! y 


Ra SSS 


N 
SANE UN P= ESA\VAW, RO 
OOOO OOOO! 
/JOOVOOOOVGOT) 
bs \] 
VKOXOVOOPAOOV OV 
OES SSS LL SSS 
PicreNleleiiz\eXe\(ose) 
SS } 
JOXOV OOPOOV OY, 
SR SSS 
SSS J 
* VROCOVO OP IOOVOM) 
SIASSs Ta 


WILE YY YY YY 
(clara 


SVN SSS 

YN SIN 
NY Ny a 

Ny 


INS } 
y \N 
I a 

















 agcmaennesseminceoonase: 


4 a] = DRE [27/71 a 
; b Rg 1777 
® é Cf a 
a 
a 











7 
lt 












































































































Li 
SSSsSs 


























SS 





























Yfjeiaanea lil 


> SS 1 


rt iY) 
a 


WIL HH 
Aa 


















































SSS 














pelejaimejehe 




























































































TTL TTT 



























































COLIN ULL eg LILLE 


HSL P TTS OD MX TON 205 8792 Wi SNVEAL 














































































DESIGNS OF SEVEN TEST KILNS 


444 


a Ga¥l4-sv9 Lavua-Nmod ree 
[ JOVNUNA LLIY4 icone hh 


Wee nities 
” 
t 


Ua Mle 





' 
at 
Dae ian 
“es el OOS ea 


mah itd ae 
phat 































Al TENANCE 

aa \ Vela \ NNN ee 

PZ SoS Se 
GS: 8 §SMEl 
joes eSB LZ, aaa [ie 














a 


nM 
i 
aw, 


4 


ZA a7 
99 NO/LITF ibe NO/ILIFS ‘WY NO/LIIS POL 


cio 


i 






Ye - 
4 
try 











° _9 
(a SSS 


Ss 











ae i 
=I 


ur 
f 
H 


HSYNHH P T7MLS aS MX TH 20S HID WY SNVYL 


HINTS ON EXPERIMENTAL ENAMEL MAKING 


BY W. ANGUS DENMEAD 


The following notes are drawn from the writer’s experience 
in the making of enamels for the coating of reflectors, drawn 
steel tubing, castings, etc. The hints are elementary in the ex- 
treme, and most of them are known to enamel-makers, but it is 
hoped they may be useful to a beginner in his attempts to pro- 
duce low temperature enamels. By low temperature enamels I 
mean those maturing between 700° and 1000°C. 

Furnace. A sketch in shown in Figure 1 of a most econom- 
ical and efficient frit furnace. The advantages are ease of bind- 
ing, long life, and control of conditions through the use of com- 
pressed air and gas. The furnace bottom is placed high to enable 
one to- look up under the same without getting on the knees. 
This is a most desirable feature that will not be appreciated until 
a furnace of this type is made. In Figure 4 a furnace of this 
type is shown; in this case, however, the bottom is placed too 
low. 

Crucible Support. The use of a crucible support (See Fig. 
2) is of great advantage, as it prevents all trouble resulting from 
the breaking of a crucible and the flooding of the bottom of the 
furnace with molten enamel. The crucib!e support can be easily 
chipped out, and a new one inserted ‘in case of accident. If, 
however, the crucible were placed on the furnace floor, a large 
amount of labor would be necessary to clean the furnace after 
such an accident, and if the furnace were not cleaned the next 
crucible would stick to the floor as soon as the furnace reached 
the melting temperature of the spilled enamel. 

These supports can be made in a few minutes by chipping a 
graphite crucible to shape. A support made from this material 
lasts much longer than those made from fireclay. It may be 
necessary to avoid the use of a graphite bottom in the manufac- 
ture of an enamel which is very sensitive to reduction. We 
have, however, found no ease of a graphite support harming any 
frit now in use at our factory. 
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Means of Prolonging Life of Crucible. It will be found 
that a crucible will last much longer if: 


1. It is heated slowly. 

2. It is cooled slowly. 

3. <A charge is not put into the crucible until the eru- 
cible is red-hot. ) 

The means of producing the first condition is self-evident. 

It has been found that more crucibles break in cooling than 
in heating. To cut down the loss from this cause, fireclay slabs 
should be used to cover the top of the furnace completely while 
the crucible is cooling. 

A charging scoop made of copper with a long iron handle 
will be found of great advantage in charging the red-hot cru- 
cible, and its use will prevent the loss of raw materials or the 
burning of the hands. It was found that copper was best suited 
for the scoop, as the powdered raw material stuck to it less than 
any other metal tried. 

Controlling Degree of Combination. It will be found that 
the viscosity of a molten frit is important as a partial indication 
of the extent of fusion or of combination. In order to insure the 
frit having a longer or shorter firing period in the furnace, a 
hole of suitable size may be drilled in the crucible bottom. In 
general, for enamel frits, the hole should not be over one quarter 
inch in diameter; if the hole is larger, the frit will run before 
complete combination of the raw materials is effected. The size 
of this hole will also increase quite rapidly as the crucible is 
used. ‘Ilo insure complete combination in frits of very low vis- 
cosity, it will be found necessary to either re-frit, or frit in a 
erucible without a hole. 

How to Drill a Crucible. This operation, apparently quite 
difficult to the novice, may be easily accomplished. First grind 
your drill to a slightly sharper point than that used when drill- 
ing steel, making sure that you get the cutting edges sharp. 
Next heat the drill to red heat and plunge it into water. To drill 
a erucible, an electrically driven drill is preferable, owing to 
the ease of increasing or decreasing the power applied, but with 
practice the drilling may be done on any drill press. The sur- 
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face of the crucible should be broken at the point where the hole 
is to be drilled. This may be accomplished by hght taps of any 
blunt instrument. 

Now start the dril. revolving slowly and keep just as much 
pressure on it as is possible without stopping the drill. If this 
is done as directed, the drill will go through the crucible almost 
as readily as through wood. It is important to prevent the drill 
from revolving too rapidly, or stopping, as in either case the 





Fie. 4 


dri.l will dull rapidly. In ease the drill stops or revolves too 
rapidly, it should be withdrawn immediately and examined, 
since the point of the drill may be easily melted in this manner, 
and the drill ruined. After acquiring the knack, three or four 
crucibles may be drilled before sharpening and tempering the 
drill. 3 

Crushing the Frit. In making experimental batches, it will 
be found advisable to crush the frit to 10 mesh before grinding 
in the ball mill, as this will be a great aid in obtaining duplica- 
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tion of results and proper fineness of grinding. In ease it is im- 
practicable to do this, the frit should be ground in a ball mill, 
the mill opened every half hour or so, and all 10 mesh material 
screened out. If the enamel is to be used in the dry form, the 
above is not necessary, the material may be sieved through the 
last sereen when the mill is opened. We use a small jaw crusher 
to crush the frit, and have not found that the small amount of 
iron worn off affects the color. 


Addition of Clay in Grinding. Most frits are ground with 
a small amount of clay (varying from 2 to 20 percent) when 
they are to be applied by dipping or spraying. If raw clay 
is used in the enamel, do not add it to the experimental batch 
until the last half hour of grinding; this will prevent cracks in 
the enamel when applied to the ware provided the enamel proper 
is not too finely ground. We find no advantage in grinding 
enamels finer than 80 mesh, when they are to be applied by the 
wet process, though it is probably advantageous to grind them 
close to 200 mesh when the enamel is to be applied by dusting. 

Keeping the Enamel in Suspension. If the enamel settles 
rapidiy, add one ounce of a hot concentrated solution of borax 
to each gallon of enamel, and the solid particles will remain in 
suspension much better. We have found borax to be the best 
material for this purpose, though various factories use other 
materials. In case the enamel contains no raw clay the addition 
of borax will not be effective. In cases where we do not add clay 
to our enamel, we sometimes arrange to dip the ware directly in 
a small blunger in order to insure the enamel’s suspension at all 
times. 


Keeping the Viscosity Uniform. Where enamels are to be 
applied by dipping or spraying it will be found quite important 
_to maintain a constant viscosity, as upon this, rather than upon 
density, depends the thickness of coating left on the piece after 
dipping or spraying. After experimenting, we made what I call 
a ‘‘viseosity spoon’’ (Fig. 3). Quite a crude affair, but it an- 
swers our purpose admirably. We mix a batch of enamel to the 
desired viscosity (determined by testing out on the ware). We 
then made a long-handled stirring spoon of copper, the handle 
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made of iron. ‘T'wo holes are drilled in the spoon through only 
one of which the enamel will flow when the desired viscosity is 
obtained. If we do not strike the right sized holes the first time © 
we solder them up and drill others until the right sized holes are 
obtained. This device is made in the form of a spoon with long 
handle so that it may be used as a stirring spoon as well as for 
the above purpose. 
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Changing the Coefficient of Expansion. In touching upon 
this subject I realize I am tackling a delicate one, and rather 
than call forth criticism for rash statements will explain that I 
do not claim Table I as iron-clad, nor do I claim results may be 
predicted by its use. By the use of Table I, I have been able to 
influence the coefficient of expansion within reasonable limits, 
except where unusual conditions were present, such as the pres- 
ence of the ingredient in large quantity in the enamel before 
additions were made: 
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TABLE I—COEFFICIENTS OF EXPANSION 


ss ns Dah ds 2a nates eTelecare 10.0 
K:O sitate! olver sl ecussel bLies Sie! S..s. wii) a oe Te. ole ©..e 8 00) oe 6 8 4 Sree 66.0 © © 8.5 
ron O BRE EAVES ea a Re en ee a re ae 5.0 
OM pee RS FR EO SO CRY A aE 5.0 
Ee re et a ES A, oe os og, 6 Sys stones a5, 0° 3.0 
1 ST Gi eS pci 7 Selah, Noe oe ih igi go ae pg ae ga he 3.0 
EO ee ee Re, Pee oS oe Fee le ee es 0.8 
PE Se Cites 2, cee MIN Te a as Caan ee ae tea 


I procured this table from a chemical journal and was very 
skeptical as to its being of any value, until repeated tests showed 
that it was. In the table, the oxides are arranged in the order 
of their ability to raise the coefficient of expansion, Na,O being 
the highest. The numerals give their relative ability to raise 
the same, but of course additions of the last members would tend 
to lower the coefficient of expansion of most enamels. 


DISCUSSION 


Mr. Landrum: This is a clever method for getting the 
viscosity of an enamel slip. The enameler has always used a 
spoon to drip, judging by the way the drops come off just when 
the slip is right. The use of a large and small hole in the spoon 
is a clever means of attacking the problem. 

Regarding the tables of coefficients of expansion, I might 
say that I have given a long series of other materials not men- 
tioned in this table. It is peculiar that while the coefficient of 
expansion of iron is around 400, the ground coats that I have 
been able to use to the best advantage have a coefficient of ex- 
pansion much smaller, say 300. When I get an enamel with a 
coefficient of expansion, running near that of sheet steel of 27 
gauge, the enamels will stick very badly. I have never been able 
to understand why we should not get a better sticking enamel, 
if we had the coefficient of expansion the same as the steel itself. 

Mr. Potts: The relation of coefficients of expansion to the 
other physical properties of fused bodies has been discussed to 
ereat length in the past few years. ‘The speaker himself has 
taken part in such discussions, and in the necessary study has 
come to the conclusion that there is nothing strange or remark- 
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able in Mr. Landrum’s experience. In some work carried on at 
the Ohio State University a few years ago, we found on con- 
sulting foreign literature, in Sprechsaal No. 48, 1910, pages 624 
to 638, an article by Carl Testmann entitled: ‘* Die Bedeutung 
des Ausdehnungskoefficienten in der Keramick.’’ In this paper 
is given a discussion of work done by Coupeau upon the coeffi- 
cient of expansion of a variety of types of glazes, and also a 
table showing the results of work done by Tostmann himself. 
In Tostmann’s work, he added 2 percent of the materials com- 
monly used in the clay industry, to a standard! glaze, and then 
upon the glaze having been fused, he measured the coefficient of 
expansion of rods formed by this glaze containing the various 
additions. Commenting on this table, he draws attention to the 
fact that in almost all of the well known instances this data is 
contrary to what would be expected from the function Seger 
assigns to the various oxides in his rules for correcting glaze-fit. 
And because of this, and the fact the data do not agree with the 
usually accepted coefficient expansion theory of Seger, he has 
little faith in the significance of his own data, even though it 
agrees in the main with the data obtained by Coupeau. This 
data, as well as the experience of many other investigators to the 
list of whom Mr. Landrum’s name should now be added, bears 
out the statement frequently made, that the coefficient of ex- 
pansion does not affect the properties of an enamel or a glaze in 
the manner usually assigned to it, and that there are other fac- 
tors that are much more potent in bringing the observed results. 


Mr. Denmead: J think that Mr. Potts must qualify his 
statements somewhat. I believe he would, if he should attempt 
to enamel something with a quarter inch of enamel. In the prac- 
tical insulation business, he would find that the coefficient of ex- 
pansion is most important and the hardest problem to solve. 


Prof. Sidverman: There is a point regarding Mr. Lan- 
drum’s experience with an enamel of a greater coefficient of ex- 
pansion than that of the thing to be enamelled on which I should 
like to pass an opinion. I have had no experience with enamels 
but it looks as if an enamel with a slightly greater coefficient of 
expansion than the metal might exert pressure on the metallic 
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surface and bring about a more intimate contact with it because 
of its greater contraction. 

Mr. Watts: Havas of the Technical School of Karlsruhe, 
who has probably done as much work in enamels as anyone else 
in the world, in connection with Mayer, told me that from his 
experience with enamels over articles of both steel and cast iron, 
he believed that the coefficient of elasticity was very vital. His 
investigations of the coefficient. of expansion, which he determined 
for all his enamels, has led him to believe that the coefficient of 
expansion was of less importance than the coefficient of elastic- 
ity. Whether he has changed his opinion or not, I do not know. 
He had had a vast experience in the operation of iron and steel 
enamels, both from the technical and practical side. . | 

Mr. Landrum: I should like to ask whether ‘there has been 
worked out any table for the coefficient of elasticity, or just what 
that term would mean? 

Mr. Watts: Mayer of the Technical School at Karlsruhe 
has done a lot of work on that subject, and it is in the form of a 
thesis. 


DEFORMATION TEMPERATURES OF SOME 
PORCELAIN GLAZES 


R. T. STULL AND W. L. HOWAT, URBANA, ILL. 
The group of glazes studied comprises ten horizontal series 
designated by letters from A to J, each series consisting of ten 


members. The group of one hundred members covers the fol- 
lowing limits represented by the four corner glazes: 


TABLE I—FORMULA OF CORNER GLAZES 


GLAZE K,O CaO Al,0, SiO, 
ASIN oth See Cece 0-2 0.7 0.40 2.0 
A-10 0°38 0.7 0.40 6.5 
LED e Gs e oa Ae ee 0.3 OF 0.85 2.0 
J-10 Oes ONG 0.85 6:5 
TABLE II—BATCH WEIGHTS 
BRANDY- Enc. No. ane Al(OH) 
WINE WHITING | 20 BALL Bway FLINT 
FELDSPAR CLAY Ee! i : 
AEE 57 ae Sak Seo 167.4 70.0 12.9 29S Sly 2 pceent es 
HAAN es oie conte ed 167.4 70.0 12.9 12.9 270.0 : 
Gee eee see 167.4 CORO 12.9 12.9 ee 70.2 
JERO Sey ees 167.4 70.0 70.9 70.9 216.0 


Different members in the group were made by molecular 
blending of the four extremes. These were applied to bisque 
wall tile, set in saggers in a down draft kiln and burned to cone 
9 in 40 hours. © 


Cones were also made from the glazes and their deforma- 
tion temperatures determined in a platinum resistance furnace, 
the temperatures being measured by a platinum, platinum-rhod- 
ium thermocouple and a Leeds-Northrup direct reading poten- 
tiometer, (accurate to 3°C). 
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The time-temperature curve followed in all determinations 
is shown in Figure 1. The temperature was raised to 1200°C. 
in 120 minutes. Beyond this the temperature rise was 214 de- 
grees per minute. A number of deformation tests.made on du- 
plicate Seger cones gave the following results: cone 4—1212°C., 
cone 6—1255°C., cone 8—1290°C. 

Deformation-temperature readings were made on two or 
more cones of each glaze. The variation was rarely over 5°C., 
and in the majority of tests, duplicate cones gave the same tem- 
perature readings. 


TABLE ItII—DEFORMATION TEMPERATURES COVERING THE LIMITS 








oe ae | 0.40 to 0.85 ALO; : 2.0 to 6.5 SiOz 
MOLECULES 

aS les cd B68 | 8] 9] 0 A1,0, 

ps aa | 
3 . .|1277|1246]1232|1235|1247|1252|1248/1260|1267|1265 0.85 
I ........|1275]1240)1228|1230)1240|1235/1245|1247|1250|1253| 0.80 
a SADR ae 1272|1245|1232|1230/1230|1232/1235|1235|1245|1245 Onis 
Crees sathaa 1272]/1240/1228/1228/1232/1232/1233|1237|/1235|1247 0.70 
F........(1267/1238/1225/1225/1225/1225/1228/1235|1235/1245 0.65 
LD eee 1232/1225/1225/1222)1220/1225|1228/1235/1245/1245 0.60 
D ......../1230/1225|1225/1227|1230/1230|1240|1245/1248/1252 O55 
os a ae 1232/1228/1228/1228/1228)1230/1240/1248/1252/1255 0.50 
B...... ../1235/1230]1228]1233/1235)1245/1254/1252/1257/1270 0.45 
ca tite, Oe 1232/1232/1240/1245/1245/1255|1255|/1268|1272/1277 0.40 

MOLECULES ! | 

sio, | 2.0) 2.5) 3.0) 3.5) 4.0] 4.5] 5.0] 5.5/ 6.0). 6.5 






































| | he am 


The average temperature readings for two or more cones of 
each glaze of the group are given in Table III. The results of 
the burn and: the iso-deformation lines are represented graphi- 
eally in Figure 2, the deformation-temperature being indicated — 
in degrees centigrade on each line. 

The RO is constant for all glazes. The molecular variations 
of SiO, are plotted along the abscissa and the molecular varia- 
tions of Al,O, on the ordinate. 
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In the lower right corner are the devitrified glazes between 
the limits: . 
RO, 0.4 Al,O,, 5.0 SiO, 
RO, 0.4 Al,O,, 6.5 SiO, 
ROW 62A1,0.26.5.510, 


In the lower portion of the devitrified area the glazes were 
erazed. In the center of the field are the bright glazes which 
were considered matured. Bright glazes which were crazed are 
found in the lower left corner within the limits: 


RO, 0.4 Al,O,, 2.5 SiO, 
SHO, 04 Al.Os, 2.0 SiO; 
RO, 0.5 Al,O,, 2.0 SiO, 


At the left of the field a small group of matured mats are 
found between limits: 
. RO, 0.55 Al,O,, 2.0 SiO, 
RO, 0.70. Al,0,, 2.0810, 
RO; (65 AL Os, 2:5 S10, 


In the upper part of the field the glazes were under fired. 

The difference between max and min deformation tempera- 
tures is 57°C., the softest one deforming at 1220°C. having the 
formula, RO, 0.6 Al,O,, 4.0 Si0,. The member at the upper left 
corner (RO, 0.85 Al,O,, 2.0 SiO,) and the one at the lower right 
corner (RO, 0.4 Al,O,, 6.5 SiO,) deformed at the max tempera- 
ture t277-C: 

Kach horizontal series may be considered as being com- 
posed of the components, glaze and S10,. The broken line 
CD passes through the deformation-eutectic of each of the ten 
glaze—SiO, series. In a vertical direction, consider each series 
made up of glaze and Al,O,, the dotted line EF represents the 
deformation-eutectic axis of the ten glaze—A1,O, series. 

These two axes (CD and EF) cross at the point of lowest 
deformation temperature (group eutectic). Its deformation 
temperature is ten degrees higher than the indicated tempera- 
ture of Seger cone 4. The glazes whose formulae correspond to 
cones 4, 5 and 6 deformed at 1228°C, 1240°C and 1245°C re- 
spectively. 
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The line AB is the high gloss axis plotted according to the 
appearance of the glazed trials. The gloss axis follows roughly 
parallel to the glaze-SiO,, deformation-eutectic axis up to the 
group eutectic. Beyond this point it deflects and follows along 
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the glaze-Al,O, deformation-eutectic axis. The group deforma- 
tion-eutectic lies near the center of the field of best glazes, and 
the quality of the glazes decreases in all direction away from 
this eutectic point. The general formulae of the best glazes as 


shown by the trials are: 
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RO-0.60 Al,O, 4.0810, Deformation temp. = 1220°C. 
RO-0.55 Al,O, 3.5810, Deformation temp. = 1227°C. 
RO-0.55 Al,O, 4.0Si0, Deformation temp. = 1230°C. 
RO-0.60 Al,O, 3.5810, Deformation temp. = 1222°C. 
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The difference between the deformation-temperatures of 
these glazes and the temperature to which they were fired (cone 
9) is 80°C to 90°C, or a difference of 4 to 444 cones. For the 
purpose of comparison the iso-deformation temperature lines are 
plotted on the field of porcelain glazes burned at cone 11 and 
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previously reported,’ Figure 3. The high gloss axis QT lies to 
the right of the glaze-SiO, eutectic axis and crosses the glaze- 
Al,O, eutectic axis close to the eutectic member of the group. 
The best glazes in this group are found in close proximity to the 
eroup eutectic, the same as in the cone 9 burn. Not only does 
the group eutectic he near the center of the area of best glazes, 
but it is also located at a safe distance away from devitrification, 
crazing, matness and immaturity. 


Ceramic Laboratories, 
University of Illinois. 


1 Influences of variable Silica and Alumina on Porcelain Glazes of Constant RO, 
Trans. Amer. Cer. Soc., Vol. xiv, pp. 62-70. 


NOTES ON THE COOLING OF VITRIFIED PIPE 


BY 8S. C. KARZEN 


The following article represents a few experiments and ob- 
servations upon the cooling of vitrified sewer pipe which the 
writer has made at different places and times under different 
weather conditions, and from clays which produced bodies of 
radically different nature, as to density and liability to cracking. 

At one of our factories, manufacturing vitrified shale sewer 
pipe, considerable trouble was encountered in the cooling after 
burning. Pipe would check in kilns which were comparatively 
new, and under conditions which were favorable for safe cooling. 
Some scheme had to be devised, by which the cooling could be 
done rapidly and safely. With this object in view, a number of 
letters were sent to different members of our society, actively 
engaged in the manufacture of sewer pipe, asking for any data 
on cooling which they might be in position to give. I must admit 
that my inquiries brought very little results, most of the evi- 
dence obtained was of a contradictory nature. Whether it was 
a case of secrecy, or simply that very little was known about the 
subject, 1s more than I can say. Several suggested methods 
would have required the constant attention of a ceramic 
chemist in a plant of our size. I desired a simple, concise meth- 
od, which could be handled by men of low intelligence, and 
which required no attention after the kiln was launched in its 
cooling. 

In order to fully understand the final changes made, a short 
description of the old method of cooling will not come amiss. I 
give here the system formerly used in cooling 24 in. double 
strength pipe, which was the largest pipe made and the most 
difficult to cool. The kiln was allowed to draw up the stack for 
about 18 hours after being salted. Then the damper was drop- 
ped, and the stack draft shut off completely. The ‘‘back draft’’ 
plate was drawn back about six inches, and the cold air allowed 
to rush in through the stack flue. The fire holes are open, and 
reheating takes place as the heated air from the kiln passes over 


462 COOLING OF VITRIFIED PIPE 


them. The kiln would stand thus for several hours. Then the 

fire holes were ashed up tightly, and a small hole made in the 
kiln door to allow the heat to escape. On the morning of the 
third day, the kiln was considered cool enough to be tapped. By 
tapping I men tearing down the kiln door. The tapping was 
done slowly, a course of brick every hour or so, the door being 
completely down in 24 hours. On the morning of the fourth day, 
the fire holes were cleaned out; in the afternoon, the crown cov- 
ers were removed, and the damper drawn that evening. On the 
morning of the fifth day, the kiln was ready to draw. 

As you will note, from the morning of the third day, when 
the door was tapped, ample precautions were taken to ensure 
safe cooling. Hence the point at which the air checking took 
place was between the time when the kiln was finished and the 
time the door was tapped. After much thought on the subject, 
I set up the following conditions which an ideal cooling system 
had to meet to give results. 

First. Prevent sudden changes in the kiln atmosphere after 
the kiln has commenced cooling; that is, sudden fluctuations of 
the draft, sudden cooling and reheating due to any agency. 

Second. The cooling must be uniform over the entire kiln. 
No one section should cool faster than another, all should pro- 
ceed evenly and uniformly, much in the same way as the original 
burning had taken place. 

Third. Above all things, the system must be simple and 
foo!-proof. By this I mean, that the cooling operation must be 
done quickly and simply, so that labor of poor quality could 
handle it easily. 

I felt my system simply had to meet these conditions to 
prove successful. Let us now examine the old method to see how 
far short it fell of these ideal conditions. As stated, the kiln 
was allowed to stand for fully eighteen hours without being 
touched in any way. During this entire period, it was drawing 
up a continuously cooling stack. As the stack cooled, its suction 
necessarily decreased, and this in itself would finally lead to 
counter currents and cross currents of air in the kiln. More- 
over, the fact that the fire holes were allowed to be exposed for 
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so long a period laid the kiln open to wind and sudden climatie 
changes which often prove disastrous. The draft is reversed at 
a late period in the cooling, when the kiln is becoming especially 
sensitive to sudden changes. The fire arches commence to re- 
heat, as do the bottom pipe in the kiln, and this would surely 
prove dangerous to sensitive ware. Finally and worst of all, 
after the fire holes are closed, we attempt to remove the heated 
air at a small opening in the door. It is obvious that. uniform 
cooling cannot be obtained by attempting to remove the heat at 
one small opening. The ware near the door would cool very 
rapidly, while that farther in the kiln would remain hot for a 
long period. When the door was tapped, cooling would proceed 
more rapidly, and this still hot ware would check. 

The system in use evidently violated every condition which 
I considered as necessary for good cooling. I decided, therefore, 
to make the following changes: 


First. Drop the damper and cut off the draft as soon after 
the salting as feasible. A certain amount of burning fuel re- 
mains after the salting is complete, which prevents immediate 
reversal of the draft, as the products of combustion will reduce 
and discolor the ware, unless we allow the fuel to burn up com- 
pletely.. For this, I found that about two hours was enough. 

Second. “Make the back draft opening about 6 in. by 24 in. 
This is merely a nominal figure and of no great importance, as 
1 will point out later. 

Third. Immediately on reversing the draft, close the fire , 
holes tightly, either ashing or mudding them. Under such con- 
ditions, the kiln is perfectly tight. 

Fourth. Remove the heat through the crown holes. Cooling 
holes should be cut in the crown, about 8 in. square, placed at a 
point directly between the bags. Covers should be provided for 
these, as well as for the center crown hole. By moving these 
covers, we can remove the heat at any rate of speed. 

Considerable experimental work was necessary to determine 
just the right sized opening to obtain the best results. If the 
openings were made too large, the ware would cool too rapidly, 
and consequently air check. If, on the other hand, the openings 
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be made too small, the ware would not cool rapidly enough, 
would be hot when tapped, and hence become checked. Smaller 
ware could be cooled more rapidly than the larger sizes, and a 
considerable amount of experimental work was necessary, before 
I finally arrived at the proper sized openings required. Table 
I gives the method complete, with the size of openings in use at 
one of our factories in Ohio. At one of our other plants these 
openings were made considerably larger, and in general the size 
is determined by local conditions. 


TABLE I—COOLING SYSTEM 


UNTIL J SIZE OF Caan KILN 
Dia UNTIL FIRE SIZE OF OPENING nooks [Lpoural nes 
PIPE: DAMPER) Hons: y OF ENING ABACK) -CONTER EOI | trace nt loce an TO 

DROPPED | cLosED DRAFT CROWN HOLES DRAW 
INCHES HOURS HOURS INCHES INCHES HOURS | yours | HOURS 
not 

6-12 2 closed| 6 by 24 |not opened] 24 12 72 

12-18 2 2 6 by 24 3%4 by 8 48 24 96 

18-20 2 2 6 by 24 % by 8 48 24 96 

20-22-24 2 2 


6 by 24 4 by 8 72 24 | 120 


The points in favor of the system as outlined are numerous: 

By immediate reversal of the draft, we do away with un- 
necessary air currents and drafts, or rather, cause them to occur 
at a period when the ware is not sensitive. When the cooling 
has progressed for some little time, the ware becomes more sen- 
sitive to fluctuations of kiln atmosphere and thus air-check more 
easily. : 

By closing the fire holes tight, we prevent air checking due 
to sudden atmosphere and climatic changes. Furthermore, we 
remove the heat all at one point and prevent leakages at the 
fire holes. 

By cooling from the top of the kiln, we are cooling with 
nature instead of against it. The heated air rises naturally, and 
hence we are aided by this pressure in the removal of the heat. 
Furthermore, the cooling of the air is uniformly distributed by 
these openings over the-entire kiln. The cold air passes in 
through the stack fiue, up through the bottom to the crown, and 
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is removed there evenly at a speed to suit the operator. In this 
way, cooling is controlled and concentrated at one point, giving 
perfect control. The kiln, tightly closed, can only cool through 
the crown openings, which are adjusted to suit conditions. The 
cooling can be accomplished as rapidly or as slowly as desired 
and is always under complete control. 


The system is simple, the entire operation is performed at 
one time. The kiln is not touched from the time the damper is 
dropped, until the kiln door is tapped. The method is completely 
under control at all times, which is of prime importance for sat- 
isfactory cooling. Using the cooling method as outlined, good 
results should be obtained. A few other conditions affect safe 
cooling, and these must be thoroughly understood. 


The Effects of a Dirty Kiln Bottom. Very often, where a 
plant is operated to the full kiln capacity of the factory, the 
kilns are allowed to stand from one to three years without having 
the checker bottom removed and cleaned. As a result, material 
will accumulate in the feather flues over the holes leading into 
the main flues, often completely closing many of them. The ef- 
fect of this is that different parts of the kiln cool at different 
speeds. Where the holes are open the cooling takes place under 
normal conditions, where the holes are closed, cooling is re- 
tarded, and as a result, hot spots are left in the kiln. When the 
door is tapped these spots will cool down rapidly anid produce 
air checking. 

The use of the cooling system has proven the above state- 
ments to my entire satisfaction, and has prolonged the life of a 
bottom in the following way. Suppose a kiln has been cooled 
regularly for a period of nine months or so without a sign of 
air checking. Then the kiln commences to show a few air check- 
ed pipes. This would indicate that the bottom was commencing 
to fill up, and that it was time to cool the kiln a trifle slower. By 
eutting down the size of the openings the kiln would be cooled 
a day longer, which will help for a while. The kiln will com- 
- mence to show signs of air checking again as the bottom becomes 
more filled up. Smaller ware, which are easier to cool and less 
likely to check, would now be set in this kiln. If the ware still 


rs 
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continues to check, no other course remains except the removal 
of the bottom and a thorough cleaning of the feather flues. 
Whenever this was done, air checking would cease completely, 
and the largest ware could be cooled safely. This proved con- 
clusively how vital a clean bottom is for efficient cooling. It also 
shows what nice control the system gives us, and how it helps 
increase the life of a kiln bottom to a considerable extent. 

The Effect of the Type of Flue System. It is reasonable 
to suppose that a flue system which will give an even distribu- 
tion of heat in burning will also produce even and uniform cool- 
ing. In other words, cooling, a direct antithesis of burning, is 
more or less subject to the same laws by which flue openings are 
regulated. Extreme care should be used in the cooling of kilns 
with old-fashioned flue systems. I cannot speak too strongly 
against the use of the so-called ‘‘ring flue’’ system. In this 
system a circular flue is completely around the kiln, next to the 
walls. From this, one center flue connecting into the ring flue 
passes to the stack. One small opening leads directly into this 
stack flue, and is in the center of the kiln. Openings leading 
into the ring flue are placed between the bags. This is one of 
the poorest flue systems I have ever encountered, so far as both 
burning and cooling are concerned. I am using this particular 
system as an example, because I have found its use prevalent in 
the sewer pipe districts of Ohio and to a small extent in Michi- 
gan. 

Cold air is drawn upwards, principally around the outside 
of the kiln with very little at the center, and this invariably 
causes unequal cooling and air checked ware. On tearing out 
this flue system and replacing with the radiating flue system or 
some similar system, no further trouble was encountered. Too 
much care cannot be used in the selection of a bottom for kilns, 
especially in a region where the clay is sensitive in cooling. Any 
system, by which reasonable heat distribution is obtained in 
burning, should give good results in cooling. 

The Effect of the Back Draft Opening. With the use of 
the updraft system of cooling, I find that the opening at the stack 
used to admit the cold air may be of any size. The influx of air 
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is controlled by the top covers. The more heated air we release 
at the crown the greater will be the suction at the back draft 
plate. It is obvious that we must not choke this opening, as we 
would thus be working towards a vacuum and be retarding the 
cooling. But we have nothing to fear from making the opening 
too large, as the crown covers take care of the supply. Care 
should be used to keep this opening large enough. 


For the information of those who may not know what, I 
mean by back draft opening, I wish to state that the flue at the 
stack is left exposed directly at the point where it enters the . 
stack. A plate is used to cover this opening, and this of course 
should be kept tight in burning, as it will check the stack draft 
otherwise. In cooling, the damper is dropped, and the stack 
draft is thus cut off. Then the plate just mentioned is drawn 
back, and cold air is thus admitted into the stack flue and drawn 
intio the kiln. I use an opening 6 in. by 24 in., but it may be 
made larger if desired, ‘as the amount of air drawn in is regulated 
by the crown openings. | 

Cooling, of course, is more or less affected by poor kiln 
walls, and care should be taken to keep the walls in as good 
shape as is practical. Strong winds can very readily air check 
2, kiln of ware, if the walls be at all leaky. 


Period of Greatest Danger in Cooling. I have found state- 
ments by many prominent authorities, leading to the conclusion 
that the period of greatest danger in cooling is at a time when 
the ware is just turning from red to black. Acting on this 
theory, I attempted to open the crown covers more widely the 
first six hours of cooling and cutting down on the opening, as 
the so-called danger point was approached. After considerable 
experimenting, I finally was forced to the conclusion that it was 
just as dangerous to hurry a kiln at the first part of the cooling 
as at the latter part. It is also possible to air check a kiln of 
ware, after the same is perfectly black. It has been my exper- 
ience, therefore, that no definite danger period can be assumed, 
and that it is necessary to use a uniform rate of cooling for good 
results. 
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In conclusion, I wish to say that the system I have just out- 
lined is not exactiy original with me. I have found it in use to 
a greater or less extent and in a very haphazard fashion in dif- 
ferent factories through the east. However, very few of the 
burners use the same methods or have a very definite system, 
the element of chance entering very largely into the operation. 
I feel confident, however, that the cooling, if handled in the way 
I have outlined, would be under complete control. I have used 
it in factories manufacturing ware from both fire clay and shale, 
and in sections where the clay was highly calcareous, being 
neither shale nor fire clay, and invariably obtained good results. 


DISCUSSION 


Mr. Lovejoy: Mr. Karzen’s paper brings out some points 
that interest me very much. We have always held that it was 
perfectly safe to cool rapidly at the early stage of the cooling, 
and slowly during the low temperature or so-called danger per- 
i0d, as Mr. Karzen puts it. In wares other than sewer pipe, how- 
ever, after we get below this, we never consider it any danger. 
Of course that stage is different in glazed ware; and we may 
have checking occur months after it comes from the kiln; but in 
common ware there is no danger after it gets below red. It 
would be interesting to know whether it is true that it is neces- 
sary to cool equally slowly throughout. We have held to the 
contrary. 

Mr. McDougal: This paper recalls something which quite 
startled a class from the university when some time in 1910, we 
visited a sewer-pipe plant in Haydensville, Ohio. As we came 
into the yard we saw kiln men tearing down the door and pull- 
ing the fire from a kiln of sewer pipe which had just been burned 
off at a white heat of about cone 9. As I remember it, water was 
thrown into the fire boxes both for the purpose of cooling and to 
make more friable and more easily extricated the clinker that 
remained. Although the stack damper had been closed, the 
crown holes were open. After this cooling by radiation to a dull 
red heat, the door was roughly rebuilt, the crown holes closed 
and the stack damper partly opened. They claim that they had 
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no trouble with air-checking so long as the usual precautions 
were observed after the dull red stage had been reached. 


Mr. Lovejoy: We have the practice of the National Sewer- 
Pipe Company. What is the practice of the American? 

Mr. Karzen: Mr. Lovejoy errs when he considers either 
Mr. MeDougal’s version or mine as a particular of any one com- 
pany. It depends entirely upon the nature of the clay. The 
clay that Mr. McDougal refers to is a No. 2 fire clay in use by 
the National Fireproofing Co. A clay of this type is a safe cool- 
ing proposition, and it would be a very difficult matter to air- 
check the same. Our company has several factories manufactur- 
ing ware from No. 2 fire clay, and they never have any trouble 
in cooling and consequently use no particular method. Where 
we use Shale as the basis of our mix we have quite a different 
proposition. Hence some definite scheme must be used to cool 
the ware safely. I hope that no one will consider this article as 
the practice of a certain company. The nature of the clay itself 
must determine the method of handling. A perfectly safe cool- 
ing clay needs no particular method. 

Mr. A. F. Greaves-Walker: I want to ask Mr. Karzen how 
the American Sewer Pipe Company finds any money in taking 
an extra day to cool off the kiln because they do not want to take 
the trouble to clean the bottom? Why do they not put in bot- 
toms that do not require absolute tearing out or any tearing out 
and that can be cleaned for two or three dollars at a time. In 
most plants the trouble is in shortage of kiln capacity. If you 
take a day longer to cool each kiln you reduce the capacity of 
the plant, and most people know that capacity means dividends. 

Mr, Karzen: The reason for not tearing out a bottom would 
be because we did not want to lay the kiln off. You have a reg- 
ular eyele in setting ware. When it comes to the turn of the one 
doing the air-checking, it necessitates laying the kiln off three 
weeks, whereas the extra day we give to cooling that one kiln 
hardly affects the production at all. On the other hand, the two 
weeks laying off to put in the new bottom is a serious proposition 
when running to kiln capacity. As to cleaning without tearing 
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the complete bottom out, it is impossible, you have to tear the 
bottom out completely. : 

Mr. Greaves-Walker: I want to say to Mr. Karzen that I 
have had sewer pipe kilns that could be cleaned at any time for 
two or three dollars without touching the bottom. The dirt could 
be gotten out without doing so. Why take two weeks then? If 
the American Sewer Pipe Company can not do it in less time, it 
seems to me there is a chance for improvement in their work. 

Mr. Lovejoy: Mr. Walker, when the bottom is cleaned so 
easily is it fully perforated ? : 

Mr. Greaves-Walker: Yes by using a center kiln and hav- 
ing the secondary flues all slope toward the center flue and by 
having a manhole on the outside where a man could take the 
refuse from. 


Mr. Bowman: I should like to ask where the air-checking | 
takes place mostly; at the top or at the bottom? 


Mr. Karzen: At the bottom. The ware with which we 
have most of the trouble is the bottom pipe. I have seen kilns 
that were checked from top to bottom, but it is not the usual 
thine. 

Mr. Bowman: JI noticed in the description of the cooling 
that you plastered up the kiln and put down the damper and 
opened up the top of the kiln, cooling from the top. Why did 
you put down the damper? If you closed up the fire holes you 
could not have any draft from them and by letting the heat out 
of the stack and opening up the top stacks you might induce the 
draft to go down through the kiln and hold the bottom tempera- 
ture near to that of the top and in that way prevent dunting. 
That was the experience I had twenty-five years ago in cooling 
from an opening in the top of the kiln. We had an open- 
ing in the center of the crown of the kiln of about 18 inches, and 
as soon as the kiln was fired off we waited for a few hours (I do 
not know exactly how long) until the fuel in the fire holes burned 
out, then we opened the hole in the top of the kiln, but did not 
elose the damper to the main stack of the kiln, but permitted the 
heat to go out that way. We never experienced dunting, but this 
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may have been due to the fact that our pipes were made of a fire 
elay body. | 

Mr. Karzen: May I ask how long it took to cool off? 

Mr. Bowman: I think we used to take three days to cool 
off. 

Mr. Karzen: It is necessary to drop the damper as I have 
already pointed out, a continuously cooling stack means a con- 
tinually decreasing suction and consequently will eventually lead 
to fluctuating air currents in the kiln atmosphere. With a safe 
cooling clay this will have no effect. With a tender clay it will 
invariably lead to air-checked ware. The heat must be removed 
at one point to give perfect control. 


A STUDY OF THE ATTERBERG PLASTICITY 
METHOD! 


BY ‘C. 8. KINNISON, PITTSBURG, PA. 


A method for measuring plasticity is described by Albert 
Atterberg,? which is based upon the varying physical behavior 
of clays with different water contents. As we add water in in- 
creasing amounts to a clay powder, says Atterberg, the clay as- 
sumes first a condition where it can be made to hold together by 
pressure, then the state where it possesses its best working quali- 
ties, passing into a sticky condition, and finally is as a thin, wat- 
ery fluid with an excess of water. The various clays assume any 
one of these conditions within varying limits of water content. 
For instance, if a clay is very plastic there is a considerable range 
in the water content within which it remains workable, while 
one whose plasticity is feeble permits only of a narrow range in 
its water content. If we determine the limits of the water con- 
tent, according to Atterberg, at which the various clays pass 
from one condition to another, we have a valuation of their rela- 
tive plasticities. 

Atterberg classifies the condition of a clay with varying 
amounts of water into five different states as follows: 

1. The upper limit of fluidity, or the point where the clay 
slip flows as water. 

2. The lower limit of fluidity, or flow, the ‘‘fliess-grenze,’’ 
where two portions of the clay mass can be made to barely flow 
together when placed in a shallow dish and sharply rapped with 
the hand. 

3. The normal consistency or ‘‘klebe-grenze,’’ the condi- 
tion in which the clay is most workable, is no longer sticky and 
will not adhere to metal. 

4. The ‘‘ausroll-grenze,’’ or rolling limit, the point at 
which the clay can no longer be rolled into so-called threads, 
between the hands and the surface on which it may rest. ‘This 
is the lower limit of the workable condition. 


3 


1 By permission of the Director of the Bureau of Standards. 
2 International Reports on Pedology, 1911. 
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5. The point at which the damp clay will no longer hold 
together when subjected to pressure. 

According to this classification, it is apparent that the work- 
able stage is limited by the boundaries of condition No. 1 and 
condition No. 2, or in other words, a clay is workable between 
the point where it will barely flow (where this point is deter- 
mined by the method mentioned above) and the point at which 
it can no longer be rolled into threads. It is Atterberg’s con- 
tention that the wider this range the more plastic is the clay. It 
is clear that the establishment, or fixing of these points is arbi- 
trary. The method adopted by Atterberg is as follows: 


TRANS. .AM.CER.30C. VoL. XV/ AINNISON 
F/G. /. 





The Flow-limit, or Fliess-grenze. About five grams of the 
elay powder, of approximately 120 mesh, are put into a small 
porcelain evaporating dish and made to a paste by the addition 
of distilled water. By means of a polished nickel spatula, the 
mass is shaped into a smooth layer, a trifle less than 1 em. (.39 
In.) in thickness. The clay is then divided into two portions 
by cutting a triangular shaped channel through it, as shown by 
Fig. 1, the lower edges being separated a trifle. 

The dish is then repeatedly and sharply rapped against the 
heel of the hand in order to bring about the flowing together of 
the mass. The limit has been reached when the two portions of | 
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the clay barely meet at the bottom, thus as shown by Fig. I. If 
the paste is too thick, or too thin, water or clay is added until 
the proper consistency has been attained. 

The water content at this consistency is then carefully de- 
termined by drying to constant weight and is expressed in terms 
of percent of the dry weight of clay. 


The Lower Plasticity Limit, or Ausroll-grenze. Clay in 
the stiff plastic condition is rolled on paper to form ‘‘threads”’ of 
clay. These are broken, put together and again rolled out. It 
does not matter if the threads break up into smaller lengths. 
Clay powder is then added to the mass and thoroughly worked 
and again rolled into threads. The limit has been reached when 
the threads crumble down. The water content is determined at 
this point and expressed in terms of percent of dry weight of 
clay. This figure subtracted from the one determined above is 
called the ‘‘plasticity number,’’ and the higher its value the 
more plastic is the clay. 

In this connection a revised sare of a method origi- 
nated by Bischoff was used in which the clay is mixed with vary- 
ing amounts of sand of different fineness, 0.2 to 0.06 m.m., and 
the effect of such additions on the plasticity studied. Atterberg’s 
method consisted in adding to the clay powder fine sand, in the 
ratio of clay to sand as 1:0.5, 1:1 and 1:2. The flow limit, the 
sticky limit, or ‘‘klebe-grenze,”’ and the “‘ausroll-grenze,’’ or the 
point where the clay can no longer be rolled into threads, were 
then determined in these three mixtures. If the mass, at the flow 
limit, could not be rolled into threads, it was considered as non- 
plastic. Those clays which could be mixed with two parts of sand 
without losing their plasticity were considered as belonging to 
the first class, those which could carry only an equal part of sand 
were put into the second class, while those which, upon an addi- 
tion of half their weight of, or practically no sand, lost their 
plasticity, were classed third. The results of this experiment 
showed that the shape of the sand grains was of much more in- 
fluence than was their size. 

These experiments on nineteen different ae showed that: 
If a clay, with a lower water content at the normal consistency 
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than at the flow limit, be mixed with much sand, the relative 
position of the water content at the condition of normal consis- 
tency is always raised, in reference to the flow limit, and in some 
cases, rises above it, which shows that the condition of normal 
consistency cannot be considered as the upper-plasticity limit. 
In these cases, however, where the water content at the normal 
consistency lies above that at the flow-limit, then the latter must 
be considered as the upper limit of plasticity. 


Figure 2 illustrating type curves will show more clearly 
the relations between the flow-limit and the condition of normal 
consistency, for the clays of the different plasticities. 

The diagram shows that these three conditions stand in the 
following relations to each other: The flow-limit and the rolling- 
iimit coincide in the case of the loams, which Atterberg classifies 
as non-plastic, but in the case of the clays, they separate more 
and more as the plasticity increases. These two limits must there- 
fore be considered as bounding the consistencies within which the 
clay is plastie. 

The curve showing the condition of normal consistency or 
“*klebe-grenze’’ follows a decidedly different course, however. 
In the case of the loais, or ‘‘non-plasties,’’ and the clays rich in 
humus, this limit lies much higher than that of the flow limit. 

In the clays low in, or free from humus, the relative posi- 
tion of the flow limit is higher. In the class of highest plasticity, 
the condition of normal consistency always takes a place below 
that of the flow limit and approaches more and more the rolling 
limit, practically coinciding in the clays of highest plasticity. 

The condition of normal consistency or the point where the 
clay is no longer sticky can not, therefore, be considered the 
upper limit of plasticity. The flow-limit, rather, must form the 
upper boundary line of the plastic condition. 

It is interesting to note, that the condition of normal con- 
sistency and the flow-limit approach each other in the less plastic 
clays, coinciding in the second class, from which point they di- 
verge. ae 

Since, however, the condition of normal consistency in the 
ease of the clays of the first class, falls between the flow limit and 
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the rolling limit, two types of plasticity must be recognized, viz., 
the condition of sticky plasticity and that of the non-sticky. 
The failure to appreciate this distinction has been the cause of 
fai.ure of so many of the methods of determining plasticity, says 
Atterberg. | 

Although the condition of normal consistency often lies out- 
side the field of the true plastic condition, it still lies within the 
plastic area in the case of the most plastic clays, in which cases 
it forms the boundary line between the conditions of sticky and 
non-sticky plasticity. } 

Experiments were made on about 25 different clays, with 
and without sand, representing the four classes of plasticity, to 
determine the flow limit, the point of normal consistency, and the 
rolling limit. 

The water content at the condition of normal consistency in 
the clays of the first plasticity class is always lower than that of 
the flow limit, while in the clays belonging to the third class and 
in the loams, the water content at this consistency is always 
higher than at the flow limit. In the clays mixed with sand, the 
water content at the condition of normal consistency was always 
higher or in the neighborhood of that at the flow limit. A clay 
showing a lower water content at the condition of normal con- 
sistency than at the flow limit is rather difficult to work. The 
addition of rather large quantities of fine sand or small quanti- 
ties of organic material will raise the relative position of this 
point in reference to the flow limit, and therefore makes them 
more workable. 

The Atterberg method, while perhaps not so well known in 
America, is being used to some extent in Germany for classifying 
the clays according to their plasticity. The method is practically 
as simple a one as could be devised, and if it represents facts, it 
is well that we should beeome familiar with it. 

To compare it with some of our methods for measuring plas- 
ticity, twenty different clays were selected, and their water of 
plasticity and volume shrinkage determined, as well as the 
amount of water which the dry powders would absorb when al- 
lowed to stand over a dilute sulphuric acid solution, a method 


477 


ATTERBERG PLASTICITY METHOD 





SOW) MOT 


NOSINNI 








|| | 
on 
ie 
pe 


IAX (TOY DEG eI) Wy sNnve/ 





478 ATTERBERG PLASTICITY METHOD 


recommended by Keppler. It is not to be expected that the clays 
would be classified in the same order by all three of these meth- 
ods, but from the combined results of these tests, we should be 
able to classify them rather accurately according to their relative 
plasticities, inasmuch as they are all directly related to this pro- 
perty of the clay. 


The clays used were as follows: 


TABLE | 


1 Bedford shale 11 Tennessee ball clay, No. 3 
2 G. A. Murray shale 2 Great Beam ball clay 

3 McKeehan shale 13 Whitaway ball clay 

4 Metropolitan shale 14° M.. W.. M.-china -clay 

5 Deckman-Duty shale 15-M.-G> R-No. 2-china clay 

6 Galesburg shale 16 Anlts No.3 fire clay 

7 Kittanning fire clay 17 Georgia kaolin 

8 Union Furnace fire clay 18 North Carolina kaolin 

9 


Chicago Retort and Fireclay 19 Texas white clay, 340 
Co. 20 Florida kaolin 
M. and M. ball, No. 11 


pes 
=) 


In determining the volume shrinkage each clay was worked 
to its best consistency, which corresponds to the ‘‘klebe-grenze’’ 
in Atterberg’s work. This condition was merely judged by feel. 
The clays were then put into a humidor and allowed to stand 
over night when they were removed, and small cylindrical pieces 
of about 50 ee. contents made for determining the volume shrink- 
age, the volume measurements being made in kerosene. The 
water of plasticity was also determined. 


These pieces were dried by a method similar to that recom- 
mended by Kerr and Montgomery, viz., air drying for about five 
days, then drying to constant weight at 75° and finally taken to 
complete dryness at 110°C. The pieces were then dipped in 
paraffine and their volume determined. Column A of Table II 
shows the results: 
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TABLE II—DATA 





D 


A B WATER FLOW ROLLING 
eee SHRINKAGE | WATER PLAST.| ARSORBED LIMIT LIMIT one 
1 | =a | oh al Eee | 29.8 18.3 11.5 
2 23.9 2129 3.34 28.4 18.7 9.7 
3 15.7 17.6 2.20 24.6 16.4 8.2 
4 15.0 20.6 3.33 28.9 20.2 SU9 
5 15.5 20.0 452% O76 20.7 6.9 
16 | 2125 18.6 4.79 25.6 15.8 9.8 
7 18.8 jis 3.20 24.3 14.9 9.4 
8 20.9 20.8 3.82 27.0 17.6 9.4 
17 18.5 25.5 wal 39.3 26.2 13.1 
18 18.8 2744 4.75 36.1 29.5 6.6 
6 Ten2 SAY 2.43 S720 20.0 PO 
9 16.4 15.3 4.90 2113 13.0 8.3 
Ola, 8225 33.0 10.50 54.7 ieee 27:56 
11 | 35.3 34.4 10.30 50.0 30.4 19.6 
P21 = 260 ca lies 7.84 41.2 29.8 11.4 
Louth: 2579 30.5 7.22 43.9 26.3 17.6 
14 21.3 30.6 2.19 40.5 32.7 7.8 
15 20.0 B05 22.5 sbi 52581 39.1 3127 Wad 
19 | 45.0 39.3 20.90 75.4 35.1 40.3 
20 24.3 Bt: 5.68 45.5 29.8 15.7 


For determining the water absorbed the specimens were 
subjected to the vapor tension of a 10 percent H,SO, solution. 
About two grams of each clay were accurately weighed in small 
tin capsules, after having been taken to dryness at 110°. These 
were then put into a desiccator containing the acid solution; 
weighings were then made at the end of seven and fourteen days. 
and then about every two days until practically constant weight 
was attained. It can be readily seen that changes in tempera- 
tures will affect the weight of the clays inasmuch as the vapor 
pressure of the solution changes with the temperature. In ease 
of a fall in temperature there results a loss in weight due, of 
course, to the evaporation of the water from the samples. This 
is only noticeable when the clays practically reach their maximum 
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weight, because, as this point is approached, their rate of in- 
crease in weight is very slow. 


For carrying on Atterberg’s test, the clays were thoroughly 
mixed and screened through 80 mesh, and the method recom- 
mended by him followed as accurately as possible. However, in- 
stead of using a shallow evaporating dish for determining the 
flow limit, a flat vitrified porcelain dise was substituted, because 
when the former was used, there seemed to be a tendency for the 
clay mass to slide, instead of to flow. This trouble was elimi- 
nated by the use of the flat disc. Atterberg does not specify the 
width which shall separate the two portions of clays, but in our 
case this distance was made about 14 in. Nothing is definitely 
stated concerning the vigor or number of blows which shall be 
given to bring about the flow, and. of course, the more vigorous 
and frequent are these blows, the lower will be the flow limit. In 
our work the dise was sharply rapped 25 times against the heel 
of the hand, care being taken to make the impacts of as near the 
same intensity as possible. Of course, these could not be made 
exactly equal in each case, and thus constitutes one source of 
error. We would suggest that a mechanical device of some sort 
such as a vibrator be used for this determination. It seems 
furthermore that these impacts should be made against some rigid 
object instead of the hand. ‘his method classifies the clays as 
shown in column (D), the most plastic clay being given last posi- 
tion or position No. 20. | 

It will be noticed from this classification that in several in- 
stances the plasticity numbers practically or entirely coincide. 
According to Atterberg these clays are of practically the same 
plasticity. The plasticity number obtained merely by difference 
does not show the location of the clay in its own particular class. 
For instance, the plasticity numbers of clays, No. 7 and No. 8, 
coincide; it will be noticed, however, that the water contents do 
not agree, the difference being approximately three percent. 
Clays No. 1 and No. 12 also agree very closely in their plasticity 
numbers, and yet have a difference of 11 percent in their water 
content. See Fig. 3. As seen in Table I, clay No. 1 is the Bed- 
ford shale and No. 12 Great Beam ball clay. They are both very 
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plastic, but we know, of course, that the ball clay is much more 
so, but yet has a slightly smaller plasticity number. Now, the 
plasticity number, as determined by Atterberg, does not take into 
account this consideration, just mentioned. It seems logical that 
a clay having the higher water of plasticity content and yet the 
same plasticity number as some other clay, would be more plastic 
than the latter. The facts would be more clearly represented if 
these numbers were multiplied by some factor, to take into ac- 
count this difference in water content. For instance, multiply by 
the percent water of plasticity. Such a procedure gives the clas- 
sification, in column marked (BxD), Table ITI. 











TABLE III—CLASSIFICATION BY ALL METHODS USED 
S a 
S g 3 
a Ai STs doer sales les is a ieee ete 
= nw = <1 & 5 “A a 4 - “ 2 rs = 
ad ys AieL oe aaliee rf si NS = : 3 fa 3 F 
oes ~ pq Ay = oO ° ° ° ° =) 2 
| 

1 9 oa lee 14 | 14 | 2 3 2 2 3 | i 
Soto ts AG et g wT Ata 1 4 1 1 3 
Bale Sate gis 6 | ca aor lae | Boh sc] Aa ee Oe ae 
4 Sa) ot 62 1f88 5 6 og te 2 1 0 it 4 
Bi 2 5 2 1 9 Fe la 0 5 3 1 2 
6 6.) > Bib. (BV! Bale SRN | See aie ee alee Mar aie sage ee 
7 5 (ied ee NE Coe dp sey we) ce t it S25) 74 1 
8 aa pele etl 8 OF} 1 x 1 2 A 
9 ee | q | 6 | 13 5+| 2 4 8 1 4 1 
10, P18 PSF 10 he |) 1 Sep if 0 0 0 1 
11 Perineal ty 18 ite jee Be ab tie teh 1 
A 115 oa ATS es Tea gee aes 1 1 1 eae 
Ltd i tG | 14 [1% 17 4 164 61 Gil Sol 0 ya <0 eae welea 
ve a ae es a ae Fpl eral (ean (a te ee 5 8 1 6 2 
15 | 3 9 | 13 4 7 4 i ad. 5 4 1 5 1 
16 ii fe ed gree oe aes a ee eal ds ot eee es oe vp as 
Cire aed as ea | 1015 Sih, el ee 1 1 2 0 5 
ABS DV Be 12S A eee] a hes ees lee aes aan ears Sec] eee 
19° 20.4-2021.20-4 20212: 20st 20 ee Omid) 0 0 0 0 0 
20 AT TS | 16 "p62 6sei sl atesiew 1 1 0 0 1 
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Arranged in the inverse order of their gain in weight when 
subjected to a vapor tension, the clays are classified as shown in 
eolumn (C). 

It will be noticed that this order checks quite closely with 
that given in column marked (AxB). There are, however, three 
eases where the arrangement is widely different, viz., in clays 
Nos. 9, 14, 15. The first of these clays is that of the Chicago 
Retort and Fire Clay Co., and has excellent working properties, 
yet column (AxB') classifies it as the poorest of the lot. Clays 
No. 14 and No. 15 are both china clays whose working qualities 
are only fair, yet they are ranked with the most plastic by col- 
umn AxB, and given decided preference in position over clay 
No. 9. Our common everyday experience with these clays would 
undoubtedly make their arrangement as given under column (C) 
seem the more nearly to represent the facts. 


In determining the amount of water absorbed, we do not 
agree with Keppler, however, in recommending that the samples 
be under a vacuum at the same time. A vacuum should at first 
be produced to remove the air, but should not be maintained. 
The vacuum will gradually fall, of course, due to the evaporation 
of the water. 

If the vacuum be maintained the vapor pressure is lowered 
so much that the operation is much too slow, and also makes the 
results inaccurate. When the samp!es were weighed at the end 
of the 15th day, after being subjected to the vacuum continu- 
ously, they were found to have attained a practically constant 
weight. When put back into the humidor, however, the suction 
eut off, they gained rapidly, the rate of increase being more than 
three times that when the vacuum was used. The order, based 
on the gain in weight when in the vacuum, searcely agrees in 
any way with those given by any of the other methods used. 


In an attempt to draw conclusions as to which of the meth- 
ods used most nearly represented the facts, the “‘average position 
number’’ was determined, as shown in column marked “‘ Av.’’ 
The difference between this value and those given for that clay 
by the other methods was determined, and the figures so obtained 
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arranged in the columns as shown, which show how far off the 
average position are those given by the methods used. 

It is interesting to note in this connection that the total 
points off the average, as shown by column AxB is exactly the 
average of the variance from the average, as shown by columns 
A and B. It is also seen that the order as given under column 
BxD is nearer to the average than either arrangement under B 
or D. 

_ These figures have no particular significance other than to 
show that the Atterberg method is no improvement over any of 
our own, and that the old method of classification based on the 
percent volume shrinkage is about as satisfactory as any that we 
now have. 

None of the methods seem to exactly show the facts as we 
judge them from experience. However, a classification based on 
all of these methods should reveal the facts fairly accurately, but 
no one method with which we are now familiar will suffice. 

Arranged according to AxB, the Chicago Retort and Fire 
Clay Co. clay is the least plastic, but such is not the case. North 
Carolina kaolin is ranked among the best by this method, while 
as a matter of fact it 1s the least plastic of the lot, and Atter- 
berg’s method places it where it belongs. Similar misrepresenta- 
tions could be shown for all the methods employed, and none 
has any decided advantage. 

In conclusion, Atterberg’s method itself is open to one sharp 
eriticism, namely: that the plasticity number does not locate the 
clays in their respective classes. We might say it is analagous to 
two equations, with three unknowns. Thus, for instance, the 
Bedford shale is classed along with the Great Beam ball clay. 

In order to correlate the Atterberg valuation with the actual 
character of the clay it is suggested that a diagram be used as 
shown in Fig. 3. Here the Atterberg plasticity number is co- 
ordinated with the water of plasticity. 


DISCUSSION 


_ Mr. Watts: I have been very. much interested in this 
paper, especially because of the fact that we have been en- 
deavoring to make some physical measurements of clays at the | 
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Ohio State University, and the problem of measuring plasticity 
has come in for its share of attention. We had only the data 
that, up to the present time, have been available along this line, 
and felt rather helpless in devising schemes for measuring plas- 
ticity, but we finally hit upon a combination of tests which in- 
cludes the following: 


The first test was the knife test; that is to say, the wedging 
of clay until it became plastic, adding water at frequent inter- 
vals and in small amounts. In order to determine the exact 
point, we took a small, sharp spatula of the regular four-inch 
size and, having the blade smooth and sharp, cut a slash through 
the molded clay. After doing this, we pressed the blade of the 
knife flat of one side of the cut, to determine whether or not 
there was any evidence of healing. We took the point where the 
clay united as one of our end points. We found that twelve of 
the clays which we tested in that way checked up in rather fair 
order. For the second point, we used a No. 12 nickeled brass 
wire loop, 14 em. in diameter. These loops were carefully made; 
and we continued to add water to the clay, which now became 
slip, until by having a depth of about half an inch of this plas- 
tic clay, and passing the loop along the bottom of this clay mass 
and drawing it up through the clay, we just retained a globule 
of clay in the loop. The addition of one-half of one percent of 
water resulted in the refusal of the loop to retain a globule of 
clay. Water was then added until we obtained a slip that would 
again adhere as a globule on the loop. This, you will under- 
stand, was a very thin slip, and was approaching the watery or 
milky stage only. That gave us three points which we could 
correlate, and we found some rather interesting results in the 
preliminary investigation. I do not know how successful we 
shall be in this, because the major portion of the work is being 
done by students, who are now juniors, and the personal factor, 
of course, comes in, but we are very much in hopes of getting 
some data which we shall be able to correlate. We see every evl- 
dence of the clays lining up by this system of tests into about 
the same classification as they would be normally placed by the 
average potter who depends simply on his judgment and his ac- 


486 ATTERBERG PLASTICITY METHOD 


quaintance with the various clays in deciding the order into 
which they should fall. 

Mr. Back: I should like to ask Mr. Kinnison what drying 
treatment he gave the clay samples which were used in the ab- 
sorption test in which sulphuric acid was employed. 

Mr. Kinnison: I merely took them to constant weight at 
AhO 

Mr. Back: How heavy are the samples when dry? 

Mr. Kinmson: About two grams. 

Mr. Back: How do you account for the fact that when you 
removed the vacuum and put the samples back, you find in- 
creased absorption ? 

Mr. Kinmson: Evidently the increased absorption is due 
to the increased amount of vapor. 

Mr. Back: Was your vacuum always the same during the 
absorption treatment of the several samples? 

Mr. Kinnson: Practically so; they were all Seren to 
the same treatment. 

Mr. Back: J asked this question because in this absorption 
test, which is practically the Rodenwald-Mitscherlich hygrosco- 
picity test, this drying treatment would not apply to humus soils 
because the humus would be so affected as to give a lower ab- 
sorption value for the soil than it actually has. Possibly a simi- 
lar error 1s introduced when working with clays and clayey soils 
if such a drying treatment is used. It might be better to accom- 
plish the drying by desiceating with P,O,; for example, and elim- 
inate the application of heat. 

Mr. Kinnison: The only point is to obtain some figures on 
which to base the increase in weight. 

Mr. Back: If the dryine treatment is the same for all 
samples, it may be alright as far as obtaining samples of equal 
weight is concerned; but not so for the absorption results which 
are determined, because any effect, which organic matter might 
have, would be altered and possibly eliminated under such heat 
treatment. 


THE PRODUCTION OF UNDERGLAZE COLORS BY 
THE USE OF SOLUBLE METALLIC SALTS! 


BY R. M. HOWE, ALFRED, N. Y. 
OBJECT OF INVESTIGATION 


Becoming interested in the results obtained by Dr. Pukall 
and later ones by Dr. Buttner, in the production of underglaze 
colors by the soluble salt method, I decided to work along simi- 
lar but more extended lines, for the benefit of those members of 
the society who are not able to take advantage of German tech- 
nical literature. It was hoped, in this investigation, to secure a 
great variety of colors, and to study the influence of the differ- 
ent refractory bases upon the color produced by the metallic 
salt. 

OUTLINE OF THE WORK 


Materials Used. The metallic salts used in the production 
‘of these colors were commercial ones, though of a high degree of 
purity, so that the reproduction of the colors obtained is well 
within the scope of the manufacturer. Those used were as fol- 
lows: 
Co(NO,), 6H,O 
UO,(NO,), 6H,O 
FeSO, TH30 
Cr,Cl, 
Mnso, 4H,0 
INTENO.) J 6H O | 
The bases were of commercial standard and were ground in 
a ball mill for two hours. The last base mentioned is expressed 
in terms of equivalents. Those used were: 


Aluminum Mydrate oo... 6... +. ALO. 3H.O 
WSO) eee he ia Fa as: - AV Og ote sells) 
COU. ge Se a ea SiO, 
Calcium phosphate (bone ash)... .Ca,(PO,), 
Peveeumiinmin Mydrate. 2... Al,O,.3H,O 
ge WONT ee ZnO 


14 contribution from the laboratories of the New York State School cf Clay Working 
and Ceramics under the direction of A. R. Heubach. 
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'-- Methods of Preparation. The first step in the preparation 
of each color body was to weigh out the equivalent weight of 
the metallic salt used, transfer it to a porcelain evaporating dish 
and dissolve it in distilled water. One equivalent of the base 
used for that body was then introduced into the solution. The 
mixture was brought to dryness over a water bath, constantly 
stirred.in the meantime with a.glass rod. By this method, not 
only the finest conceivable division of the metallic salt was se- 
cured, but also a very uniform mixture. 

These dry mixtures were placed in a white-ware. biscuit 
crucible and subjected to the calcining temperature, indicated 
in the table giving the compositions of the color bodies. 


Composition of the Color Bodies. Table I shows the pro- 
portion in which the raw materials were mixed. The color of - 
each color body after calcining is indicated that it may be con- 
trasted with the color secured under the glaze. 


Preparation of the Trials. The colors were ground by hand 
upon a glass plate. Ten percent of ‘ball clay, glycerine and a 
little water was added to each, the first being used merely to 
serve as a bond. The colors were then applied with a brush in 
the customary manner, in thickness of one, two, three and four 
layers so that the influence of the thickness of the color, if any, 
could ‘be observed. In the first sets of trials, the underglaze 
colors were applied to cylindrical bisecuited pieces, each one pro- 
viding sufficient space for twenty-four colors. The trials were 
then fired to about 600°C. for the purpose of volatilizing the 
organic matter and to make the colors firm enough for dipping. 


Bodies and Glazes Used: 


Earthen-ware Body. Biscuited at Cone 7 


Bing lishi ba Li Gta y pn eenceeee, eater oo 
‘Tennessee ‘ball -clay- ING: Mins ee eee 98.5 
Kaolin <..c.22 ee ee eee eae 297.5 
Hureka Spal. s.:...aue a ee ee bra ON 
| btih eee Meer n Aire Rat. 471.5 


1000.0 
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Glaze for Earthen-ware Body. Fired at Cone 07 
PbO 0555 
BaO 0:10; AIO, 0.25 
CaO 0.15 NIOS 270 
MgO 0.10; B,O, 0.40 
K,O 0.10 - 


This glaze was entirely fritted except 0.15 clay. 


Stoneware Body. Biscuited at Cone 07 


Cutters" sarver clay ee re Perens) Mes 8) 
Eureka) spars es ee eee 210.0 
Mint fe: ba tee ee ee ee 390.0 

1000.0 


Glaze for Stoneware Body. Fired at Cone 7 


Oo ko) 

0.7 CaO 0.4 Al,O, { Sehgal) LOA 

0.1 MgO 

Porcelain Body. Biscuited at Cone 07 
Florida:kaclin’ 3 eee 200.0 
Eng. -ehina-elay M- G:--R--No:-1s ea. 220.8 
Hurékae spar: siies.ieton. ae Gere eee oe 372.2 
Ping 9. Sees eee eer 207 .0 

‘ : 1000.0 


Glaze for Porcelain Body. Fired at Cone 10 


0.3 K,O 


ear od Al,0, {3.8 SiO, 


Firing the Trials. The earthenware trials were fired to 
cone 07 in a small muffle kiln in 6 hours. 

The stoneware trials were fired to cone 7 in the large gas- 
fired laboratory kiln in 24 hours. 

The porcelain trials were fired to cone 10 in the same kiln 
in 36 hours. 
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RESULTS 


In Table II the writer has attempted to describe the tint 
of the different colors at the different temperatures : 





TABLE Il 
ioe CONE Oa: CONE 7 CONE 10 
3 EARTHENWARE STONEWARE PORCELAIN 
Al ° Same as on stoneware 
Aé Same as on stoneware 


Ae Light blue, chang-|Sky blue, changing 


; Same as on stoneware 
me ing- to a dark] to a deep royal 


Same as on stoneware 


Ad greenish blue blue Same as on stoneware 
A6 Same as on stoneware 
B1 Same as on stoneware 
Be ||Sky blue, paler ; Same as on stoneware 
B3 than on stone-|Sky blue, changing Same as on stoneware 
B4 ware, changing] to a navy blue Same as on stoneware 
B5 to a green blue Same_as on stoneware 
B6 _|Same as on stoneware 
C1 |Blue gray Same as on stoneware 
C2 |Gray lilac Same as on stoneware 


Light cobalt blue, 


d Same as on stoneware 
¢ Pain one toca 


C3 |Purple blue 


C4 | Blue Same as on stoneware 
C5 | Blue deep navy blue Same as on stoneware 
C6 | Blue Same as on stoneware 
Ei | Yellow Greenish yellow Greenish yellow 

E2 | VYellow | Darker yellow Greenish yellow 

E3 | Yellow Darker yellow Greenish yellow 

EA Fan Canary yellow Brown yellow 

F2 


The same colors|but brighter than|those of series E 


F3// 

Giro yellow. 04.° Ivory Dirty yellow 
G2 | Yellow orange Fawn Dirty brown 
G3 |Orange red Red brown Chocolate 

G4 |Red brown ‘| Chocolate Chocolate 

H1. | Yellow Brown gray Brown gray 
H2 |Brown. . Brown walnut Brown walnut 
H3 [Chocolate Brown black Brown black . 


tT | Brownish pink = | Gray pink — 7 Gray pink 
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TABLE 1|II—Continued. 


CONE 07 CONE 7 CONE 10 
wh EARTHENWARE STONEWARE PORCELAIN 
[2 | Gray green Brown green Green 
I3 | Green Gray green Green 
I4 | Green Green Green 
K1 | Pink brown Pink brown Pink 
K2 | Gray brown Gray brown Pink brown 
K3 | Brown Brown Brown 
L1 | Brown Pink Pink 
L2 | Brown Pink Pink 
L3 | Brown Brown pink Brown pink 
L4 | Brown Brown Brown 
L5 | Brown Brown Brown 
M1 | Blue green Green gray Gray green 
M2 | Blue green Gray green Gray green 
M3 | Green Brown green Brown green 
M4 | Green Brown green Brown green 


DISCUSSION OF RESULTS 


Series A. The colors compounded from alumina and cobalt 
were good at all temperatures. By using alumina as the base, 
lighter blues than the usual cobalt blues were obtained. In the 
case of the highest cobalt content, there was a slight tendency 
towards a greenish tint on the low fire trials. 

Series B. The results of this series were practically the 
same as those of series A. The zine increased the greenish ten- 
dency at cone 07, but this disappeared entirely upon raising the 
temperature. 

Series C. Flint and cobalt gave necked cobalt blues. They 
were very uniform in color and behaved well under the glaze. 
At cone 07, the purple tint of the calcined color body Tepe 
to a very slight extent. 

Series E. Alumina and uranium gave very pretty yellows 
under oxidizing and neutral conditions. These same colors gave 
very pretty grays and blacks under reducing conditions. 

Series F. These uranium colors were not so easily influ- 
enced by reducing or oxidizing conditions. If one desired one 
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of the pretty uranium yellows and also one of the uranium grays 
in the same fire, the writer is of the opinion that successful re- 
sults could be obtained by calcining the first color body under 
oxidizing conditions and the second under reducing conditions, 
and making the glost burn neutral. 

Series G. The iron colors were very good upon being fired 
to cone 07. As soon as a higher temperature was reached, how- 
ever, these colors became very unstable and, in the case of the 
smaller iron contents, entirely disappeared, or left a few dirty 
spots. The browns at. cones 7 and 10 were very good, as they 
had a large enough iron content to withstand any volatilization 
loss. 

Series H. The colors produced from iron and bone ash were 
hardly worthy of mention. 

Series I. These colors were all good. The most prominent: 
was the chrome-alumina pink, which showed up the best at cone 
7 or higher. The green colors were deeper at a lower fire but 
did not show as delicate tints as those at higher fires. 

Series K. Better pinks resulted upon the addition of zine 
to series I, but the greens vanished entirely. 

Series L. At low fires, none but fairly good manganese 
browns resulted. As soon as the higher temperatures were 
reached, however, those of low manganese content gave excep- 
tionally good pinks, while those of higher manganese content 
retained their brown color but were useless as underglaze colors 
because of blistering. 

Series M. M1 and M2 before the gloss burn were the pret- 
tiest sky blue colors that the writer has ever seen. Unfortu- 
nately, these lost their beauty, even at low fire, under the glazes 
used. It would be well worth one’s time to investigate these 
colors with th idea of preserving them under a glaze. 


CONCLUSION 


The influence of different bases upon different colors are 
already evident from the discussion of results. In concluding, 
the writer wishes to emphasize particularly one point brought 
out in this investigation, and that is the use of small amounts of 
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coloring oxides in similar investigations. By using the solution 
method, small amounts of oxides may be efficiently used, and 
such results as the beautiful manganese-alumina pinks obtained. 
In so many investigations, the smallest amount of a coloring ox- 
ide used is relatively high, if contrasted to the possibilities of 
the solution method for dilution, and probably many interesting 
results have been lost. The beautiful ceramic color, sang-de- 
boeuf, is most effectively producing by using small amounts of 
copper as the coloring agent, and the possibilities of securing a 
rival of this color should inspire anyone to give “‘dilution’’ a 
more important place in investigations with coloring oxides. 


THE LEGAL DEFINITION OF VITRIFICATION 
BY EDWARD ORTON, JR. 


The verb vitrify is an old one, descended from a Latin root 
vitrum, a glass, and facio, to make, and hence means literally, to 
make glassy, and we find that this meaning has been transmitted 
to us, unmodified by all the centuries, so far as the dictionaries 
vo. Stormonth, a very analytical and critical English diction- 
aire, adds to the above, the idea of how this conversion is ac- 
complished, viz., “Vitrify, To convert into glass by the action 
of heat.” 

This statement of the origin and the traditional meaning 
of the word vitrify is important, because in event of controversy 
the law is invoked to settle it, and a lawyer is the very man to 
intrench himself behind the barricade of established usage and 
insist that to vitrify means to make glassy, and that vitrifica- 
tion means the stage of glassiness, or the stage of having been 
converted into a glass by heat. In this connection it is inter- 
esting to note that the word vitrify, which historically should be 
used by the glassmaker in describing the conversion of his sand 
and other material into a glass, is practically never so used. 
The word is foreign to the vocabulary of the glass maker, and its 
use is now confined almost exclusively to the clay working in- 
dustry. 

But to clayworkers the meaning of the word vitrify has 
erown away from the original conception in part, in that the 
idea of glassiness of appearance, at least, is no longer implied. 
To the clay worker, the word vitrify still means to convert intoa 
silicate by the action of heat, but the difference between the 
present usage and the historic usage lies entirely on the word 
glassy. The silicates produced by clayworkers are not glassy in 
appearance once im a hundred times, and if the idea of glassiness 
of appearance is an essential of vitrification, then not one-tenth 
of a percent of the clay ware now sold in the market. as vitrified, 
could make good its title to the term. ee. 
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There are two classes of people who use the words vitrify 
and vitrification frequently : those who make clay products, 1. e., 
ceramic engineers and clayworkers, and those who use clay pro- 
ducts, viz., civil engineers, contractors, architects, electricians, 
purchasing agents and. the like. It is to reconcile these two 
classes of people to the same usage that this paper is written. 
The users of ceramic materials, having usually no great compre- 
hension of the chemical processes taking place in clay burning, 
are very prone—in fact almost certain—in event of a dispute, 
to fall back upon the dictionary to settle whether a clay ware is 
vitrified or not, and if it is not manifestly vitreous, or glassy, 
they contend that it is not vitrified, and as the buyer is usually . 
the judge, and can impose his interpretation upon the seller, it 
happens that frequent and grave injustice is worked upon clay- 
workers. 

The classes of clay products in which the quality of vitrifi- 
cation is important may be grouped as follows: 


| Paving bricks 
Bricks 2 Sewer and sidewalk bricks 
Impervious face bricks 


Quarry tiles 
Tiles Eneaustic floor tiles 
Roofing tiles 


Sewer pipe 
EE eae Drain tiles 
. : El] | ° , ms 
Insulation goods | ectrie conduits 


Electric porcelain goods 


Poreelain dishware 
Utensils White granite and semi- 
vitreous dishware 


In all of these products, and doubtless others, the specifica- 
tion that the ware shall be ‘‘vitrified’’ or ‘‘well vitrified’’ or 
‘“eompletely vitrified’’ is commonly written into the buying con- 
tract, but In many cases the phrase is not defined by any exactly 
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measurable quality of the product. In cases where the meaning 
of the word is not defined, and controversy arises, who is to say 
and upon what basis, whether the product is vitrified or not? If 
the old or historic usage of the word is invoked, as it so often is, 
then practically no clayware is vitrified. If the modern or tech- 
nical meaning is applied, the lack of a glassy appearance is no 
discredit to the ware, but the measureable physical properties of 
the product will be determined and its status decided upon these 
- measurements. 

What qualities, then, does a clayware possess which can be 
used in defining its vitrification? There are two groups: Visual 
characteristics and sensible or physically measurable properties. 


VISUAL CHARACTERISTICS OF VITRIFICATION 


There are two properties, neither capable of accurate meas- 
urement, viz.: glassiness or glassy structure, and color. 


Glassiness: Dictionaries are very prone to dodge embar- 
rassing questions by defining a property in terms of itself, viz.: 
glassy bodies are those which have a vitreous fracture, and vit- 
reous bodies are those which have a glassy fracture. All of 
which sounds well, but doesn’t get anywhere. What must a body 
be, to be rightfully called a glass? 

The chief attribute is its fracture, which breaks in smooth, 
usually rounded surfaces (not planes) intersecting each other 
at any and all angles, and thus often making sharp splintery 
edges. These smooth surfaces and sharp edges must be devoid 
of regular arrangement of particles or structureless, to the un- 
aided eye. In a typical glass, the eye can distinguish no parti- 
eles, no crystallization, no cleavage, no physical difference be- 
tween one part and another part. 

Transpareney is not a necessary attribute of a glass. We 
have black glasses and’ white glasses, and opaque glasses of all 
sorts, but if they have the physical quality defined above, we 
call them glasses. If, on the other hand, fused silicate masses 
appear crystalline, or granular, or so divided by cleavage planes 
as to break with a rough or granular fracture, and with rela- 
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tively dull edges, we call them stones or slags, and the stony 
structure is thus the antithesis of the glassy structure. 

It is important to recognize in this discussion that the un- 
aided eye is the criterion. If we employ the microscope, many 
things appear glassy which are not at all so by the naked eye. 
Nearly any slag or natural rock, or burnt clay, or fused silicate 
of any sort, when cut. to a thin section, looks like a clear or trans- 
parent glass. Even a pocket magnifying glass shows many a 
stony vitrified slag to be an aggregation of glass-like masses, or 
like a glassy froth. But the history of a true glass implies that 
it has solidified from a liquid condition without crystallizing, 
being what is known in physical chemistry as a ‘‘solid solution,’’ 
while these other bodies which may possess a glass-like appear- 
ance under the magnifier, have either never wholly reached the 
condition of a perfect homogeneous liquid, or having reached it, 
have crystallized, or segregated, or gone back to a differentiated 
structure in cooling, and are no longer solid solutions. Natur- 
ally, there is room for every stage between the perfectly glassy 
structure and the perfectly stony or erystallized structure, and 
thus we have stony glasses, and crystallized glasses, and glassy 
slags, etc., according to the degree of intermixture of these two 
states and the ‘history of formation of the substance. 

In examining a piece of characteristically vitrified clay 
ware, we see by the unaided eye a stony mass, opaque, granular 
or rock-like in fracture, with no keen-cutting or splintery edges. 
Under the magnifier, we see an aggregation of more or less com- 
pletely glassy masses, with some considerable residue of particles 
which have not yet dissolved, the whole never having entirely or 
even largely reached the liquid state, and therefore being far 
from a solid solution of the whole original mass of mineral com- 
ponents. In detail, its particles are largely glassy. As a mass 
it is decidedly not glassy, and it has not had the history of a 
glass. If a piece of clay ware appears really glassy to the un- 
aided eye, it is an almost absolute certainty that it has been 
earried much too far along towards fusion, and it is probably 
of low quality, or valueless for its original purpose. 
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Color: Color is not, yer se, a characteristic of glassiness, 
since glasses having any of the fundamental colors and indeed 
of almost any tint or shade, may be made. But, in the case of 
the vitrification of clays, the process is almost always accom- 
panied by changes in color, and while in a number of different 
clays there 1s great variation in the tint produced, at the same 
stages of vitrification, still in the case of any single clay, its 
color variation in vitrification is usually a more or less consistent 
and serial change, and its degree of vitrification ean be judged 
with no little precision by its color, by one accustomed to hand- 
hng that particular clay. Further, in red-burning clays, as a 
class the nature of the serial changes aire quite similar, and the 
same is true of buff-burning clays as a class, so that a skilled 
clay worker would form a conclusion in many cases, with a good 
deal of confidence, upon a clay with which he was not familiar, 
by observing its color. 


MEASURABLE INDICES OF VITRIFICATION 


Structural Density. This does not refer to the true specific 
gravity of the mass, because this factor varies with the chemical 
elements represented in the mineral mixture. A clay with an 
abnormal amount of iron oxide in its composition would show an 
increased specific gravity from this cause without arguing any 
greater structural density, just as a lead glass is specifically 
heavier than a soda glass. Structural density refers to the de- 
gree of solidity of structure, i. e., the freedom from either a 
communicating pore system or a frothy structure due to sealed 
gas blebs or bubbles enclosed: in the mass. The former structure 
is called porous and the latter vesicular, and both ‘are inconsist- 
ent with structural density, though not necessarily at all incon- 
sistent with a high true specific gravity. 

The retention of a part of the pores or communicating sys- 
tem of cavities, is the usual obstacle to development of high 
structural density in a vitrifying clay product. This property 
is readily and fairly acceptably measured by the absorption of 
fluids, on immersing the clay for a given time and observing its 
percentage increase in weight due to replacing the gas in its 
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pores by the heavier fluid. This increase in weight may be 
translated into percentage of volume of the pores or void spaces 
to the total space occupied by the solid matter, or percentage 
porosity. For careful, scientific researches, the percentage por- 
osity may have advantage over the percentage absorption, but as 
a practical mode of judging thle stage of vitrification of a clay, 
it has no superiority and takes a little longer to make the mea- 
surement. . It is, therefore, seldom used. 

When a clay has been vitrified to a degree approximating 
actual fusion, its initial system of interecommunicating pores is 
usually nearly obliterated, but a system of non-communicating 
gas blebs is developed. These cannot be reached by a fluid and 
the absorption test becomes useless. There is only one way to 
get at the percentage porosity of such a body, and that is by 
means of the difference between its real and its apparent specific 
gravity. If, for instance, the specific gravity of a cellular mass 
may be determined as a mass, and then the body be crushed to a 
fine powder, too fine to permit enclosed gas cells to remain in its 
individual grains, and the specific gravity of the powder be ac- 
curately determined in a pyenometer, then the difference be- 
tween the apparent and real specific gravity permits calculation 
of the amount of the real solid matter in the body, and hence 
the amount of space not so occupied. 

Since a clay body in the markedly vesicular stage is ob- 
viously unfit for use for the purposes to which vitrified wares 
are put, it follows that only in rare instances is this calculation 
employed in practical work. 


Hardness. ‘T'he ‘hardness of a body or the degree to which 
it resists penetration, cutting or scratching by another body, is 
a property notoriously difficult to accurately measure. Simple 
comparative tests are very easily made, but accurately standard- 
ized measurements, referable to a single positive scale of hard- 
ness, are probably as difficult to make as any physical measure- 
ment, and require the most thorough and elaborate standardi- 
zation of every factor entering into the test. 

The thardness of.a vitrified clay is furthermore a particu- 
larly unsatisfactory measurement, because it is heterogeneous in 
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its structure. <A typical glass is sufficiently homogeneous so 
that closely agreeing measurements can be gotten by different 
observers, but vitrified clays, consist partly .of glassy matrix 
and partly of undissolved grains, usually of hard quartz, but 
sometimes of soft minerals, and partly of pores or gas blebs. A 
tool of any sort will, therefore, cut differently at different 
places according to the matter immediately under it. 

In general, the mineral quartz, with a hardness arbitrarily 
assigned by Moh at 7 in a seale of 10, furnishes the most con- 
venient datum point for rough and ready hardness measure- 
ments. Good cutlery steel, well tempered, closely approximates 
the hardness of quartz, but special steels of greater hardness 
are now made. Common soda lime glass, used for windows and 
bottles is between feldspar (6) and quartz (7) and below the 
best. steels and above common or soft steels. Glasses of special 
hardness can be made, the maximum being glass made of pure 
fused silica. 

The hardness of vitrified clay is, therefore, conditioned 
chiefly by the hardness of the glassy matrix or fused portion, 
since this determines not only its own resistance to being cut. 
but also the resistance which othler harder grains offer to break- 
ing out or dislodgement by the cutting tool. A reasonably homo- 
geneous well vitrified clay cannot be cut with good’ steel any 
easier than hard glasses can. The steel of the cutting tool wears 
away in such eases, leaving a streak of the metal in a lead-like 
line on the clay’s surface. Any one can easily acquire some 
skill in judging the vitrification by procuring a steel knife of 
good ‘hardness, and practicing the cutting of clay products. In 
general, a well vitrified clay will resist the attack of a well tem- 
pered steel knife, but the knife will cut it readily at all stages 
below the final one. 


Further, over-heating makes a clay vesicular, and this leads 
to easy cutting, due to the weakening produced by the gas bub- 
bles. Some clays, of poor vitrification behavior, due to prepon- 
derance of quartz, or some other mineral, do not acquire good 
hardness at any stage of burning, even the very best, because of 
the presence of too little glass cementing matrix to fill up the 
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voids and to bind the other materials together. Such clays cut 
freely with a common knife, whether soft burnt, or when at 
their best, or when over burnt. 


Physical Strength. The ability of a clay body to resist 
friction, endure blows without chipping, or flexure without 
breaking, or pressure without crushing, is usually closely asso- 
ciated with the attainment of structural density. But these 
qualities vary so much in different cases, and develop their 
maxima at such various points in the scale of vitrification, that 
they cannot be satisfactorily used for a criterion. Some clays, 
which never do get at all close to a solid structure, show never- 
theless a fine strength. Others which become very dense, are 
very brittle and weak to impact. Others resist impact well, but 
won’t stand abrasion. Others resist crushing amazingly well, 
but won’t stand either impact or abrasion. Thus while it is 
usually safe to say that if clay shows high physical strength, it 
_ will also show good density of structure, and that these occur at 
about the same point in the heat treatment, it is frequently not 
borne out. Also while it is usually safe to assume that if a clay 
shows very low physical strength, it will not show good density 
of structure, this is often not true, due to checks, or cooling 
cracks weakening a structure otherwise strong. 


THE NATURE OF THE VITRIFICATION PROCESS 


We have seen that the abstract or theoretical conception of 
a perfectly solid homogeneous solution represented by a perfect 
glass 1s never realized or realizable in the ease of a clay product, 
and that the word ‘‘vitrified’’ is not applied in. actual usage to 
the class of bodies which could attain such an ideal state, but is 
applied to another class of bodies which cannot. The process of 
vitrification is the process of silicate formation, or the process 
of merging the ingredients of a heterogeneous mineral mixture 
into a homogeneous solid solution of silicates. But there are a 
number of factors which are at work in this process, and an un- 
derstanding of them will aid us in eens’ a conception of vitri- 
fication itself. : : 
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Influence of Mineral Composition. To every chemist, it is 
at once obvious that the possibility of forming a solid solution 
will depend in any given case on the minerals present in the 
mixture; and on the temperature available. Any mixtures of 
minerals ean be fused to ‘a quiet liquid solution in the electric 
are, but. at the ordinary temperatures atained in kilns and com- 
mer¢éial furnaces, only properly constituted: proportions of acids 
and bases are fusible. It would carry us too far to go into this 
question carefully,’ but it may be said that only mixtures in 
which the proportions run from that of the orthosilicates (oxy- 
gen ratio 1:1) ora little below, up to the: trisilicates (oxygen 
ratio 1:3) or a little above, will fuse easily. Any clay which 
is greatly overloaded with quartz sand, or with large propor- 
tions of carbonate of lime, or almost any other common. mineral, 
is thrown out of these fusible ratios, and hence vitrifies with 
great difficulty, and with a very imperfect. degree of vitrifica- 
tion at best. It is not only nit at all uncommon in practical 
work to find clays which will work well for ordinary porous clay 
products such as building bricks, and. still.will not vitrify to 
anything approximating industrial requirements, but it may 
fairly be said that there are more clays used industrially which 
fall outside of the commercially vitrifiable class.than fall in it. 
By this it must be understood, not that.any of these clays could 
not be converted to a reasonable perfect solid solution, by use of 
adequate heat and time, but simply that the process would cost 
far more than it would come to, and is therefore commercially 
impossible. 


Preparatory Steps. In addition to the mechanical prepara- 
tion of clays, by which the mixture of minerals is ground fine, 
and made less coarsely heterogeneous, the preliminary stages of 
burning are vitally important in preparing the minerals to com- 
bine and fuse into a solid solution. The original minerals are 
of all sorts—silicates, both hydrous and anhydrous; oxides; hy- 
droxides; carbonates; sulphides, free carbon anid hydrocarbons, 
and in short anything in the mineral list. By the time the 
temperature reaches 900°C, these compounds should have been 
converted into stable forms, all volatile bodies like sulphur 
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should have been driven out, easily decomposible salts like car- 
bonates. should have been broken down to oxides, all oxides 
should have been converted into their most stable form, all com- 
bustible matters should have been burnt out and earried off as 
gases, and nothing should be left except what may enter into a 
silicate solution. 

If these preparatory steps are not. taken with sufficient de- 
liberation, and thoroughness, so that the clay begins to vitrify 
before they are completed, the result is a very bad type of vitri- 
fication. The body formed becomes vesicular before it has at- 
tained its normal color, or strength or density, and no finishing 
point for the kiln ean be found at. which the product possesses 
satisfactory commercial vitrification. 


Progress of the Vitrification Process. Assuming that the 
clay was properly prepared: before the vitrification temperatures 
were applied, the normal beginning of the reaction is from little 
spots or foci, here and there throughout the body. Each focus 
is represented by some easily fusible mineral grain, or the jux- 
taposition of two or more mineral grains which conbine to form 
a eutectic or the most fusible ratio im which these minerals can 
combine. When in either case a minute quantity of fused ma- 
terial is formed, it attacks surrounding grains, dissolving or 
bringing them into its own slag, each focus thus cementing the 
surrounding grains of matter together with a glassy or silicate 
cement. If there is much material present which is coarse 
grained and difficult of fusion, and too little material to make 
the glassy cement, then the body remains porous, as in the case 
of very sandy clays. If the material suitable for forming the 
fluid matrix is very abundant and fine grained so that the foci 
overlap each other, the process goes on with too great rapidity, 
and the deformation point of the mass as a whole is soon reached 
and the mass begins to sink out of shape early, as in the case of 
the slip clays. 

Shrinkage. In general, the spread of the glassy cement 
from focus to focus in a clay of good vitrifying character is slow 
and steady, and the proportion of grains which wall not readily 
dissolve is such that they form a sort of skeleton or frame work, 
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holding the mass in its shape, while the glassy cement slowly 
encompasses them and fills up the voids, causing the well known 
phenomenon called shrinkage. Deformation takes place in such 
a clay, only when the skeleton of undissolved grains is cut 
through in enough places to make a slow collapse of the struc- 
ture begin. On the other hand, shrinkage without deformation 
takes place from the beginning of the vitrification process. It 
is slow or rapid, according to the above factors. The total vol- 
ume change is likewise great or small from the same causes. 


Swelling. Another factor which strongly influences the 
vitrification process and conditions the quality of the product, is 
the swelling reaction. Practically all silicates when passing 
from the solid state to a state of complete fusion, give off some 
gaseous matter. It may be gas which they have held in solution 
and which is then occluded, or it may be from remnants of vola- 
tile matter not hitherto expelled, or it may be due to the swell- 
ling of gases caught in the interstitial voids of the mass during 
the shrinkage, and unable to escape. Probably all three causes 
are responsible in most cases. Undoubtedly the second cause is 
the one reponsible where the process is hurried. These gases, 
whatever their source, tend to act. upon the gradually softening 
silicate mass exactly as baking powder acts upon dough. This 
swelling agency is at work as soon as the formation of glassy 
cement begins. At first the gas vesicles are microscopic, and do 
not exert much effect. But as more glass forms, and it becomes 
. more fluid, the gas bubbles expand, and decrease the effect of 
the shrinkage which the gradual fusion tends to cause. If car- 
ried to a state of even incipient fusion, where the mass is merely 
soft enough to deform a little, the mass usually increases in size 
over its initial volume. In many cases, the swelling is inordi- 
nate, reaching four or five times the initial volume. 

The Refining Stage. If this process of fusion be carried 
along steadily until a fluid bath is obtained, the liquid will pass 
into a frothy stage in which the gas bubbles work their way to 
the top, and escape. Glass in this stage, often runs out of the 
pot, onto the furnace floor. But with continued heat and hquid- 
ity, the bubbles finally cease to form, the liquid settles down, and 
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the silicate takes its minamum volume. At this stage in glass 
‘making, the glass is said to be refined, and is then cooled down 
to a properly viscous stage for blowing. Of course, clay wares 
never pass through the refining stage. If they reach the begin- 
ning of this stage at all, they are sure to be deformed past all 
usefulness and complete refining means fusion to a thin liquid 
and holding in this state till all working is over and the fluid is 
quiet. 


Complete Vitrification. From the above it can be seen that 
the clay product, in reaching its point of greatest density, does 
not reach the point where the gases are fully expelled, but only 
the highest. point attainable without causing their evolution to 
seriously begin. This maximum density is found at a point 
where the reduction in volume due to shrinkage is equalized by 
the expansion due to gases evolved. One force balances the 
other, and for a time the volume of, the clay remains constant. 
This time may be long or short. In some clays of most excellent 
vitrifying habit, a heat treatment represented by five or six 
cones may occur, with searcely any change in size. In others, 
the volume diminishes rapidly and at the minimum point begins 
at once to swell again, with no appreciable interval. Such clays 
cannot be burned profitably into hard products. There is no 
margin in which the burner can regulate his kiln, and a part of 
every kiln would surely be over-fired and bloated, part would be 
at its best, density, and part would be underfired and not up to 
the best density. Such clays are said to have a short vitrifica- 
tion range. 

The important thing in this is to remember that a clay at 
its best stage of density is at that stage for a short temperature 
interval at best, and that the so called ‘‘complete vitrification’’ 
of a clay product is an absolutely different thing from the com- 
plete reduction to a solid solution reached in the case of a glass. 

It is also important to remember that no clay at its densest 
stage is devoid of gas cavities. It has millions of them, mostly 
microscopic and mostly non-communieating, but is likely to have 
also some vestiges of its former communicating system remain- 
ing, so that it. can still absorb some water. Only in rare cases 
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in coarse clay products, can absolute impermeability to water be 
secured. In fine porcelain bodies, impermeability of a higher 
order is procurable, due to the composition and better prepara- 
tion, but even here it is not likely to be absolute. 


Recapitulation. First: We have seen that the right of a 
burned clay to the title ‘‘vitrified’’ is not easily defined. Vitri- 
fication is seen, to be a process, rather than a state of being, and 
that perfect density of structure is an unattainable ideal. 

Second: A glassy fracture or a glassy appearance to the 
unaided eye is positively not a characteristic of a good clay 
product. 

Third: That clay products which are visibly glassy are 
practically certain to be overburned and worthless. 

Fourth: That all clay products, whether well vitrified or 
vitrified but little, show glassy portions or a glassy matrix under 
magnification. 

Fifth: That the color of the product offers only a partial 
guide to the stage of vitrification, and one only useful to a per- 
son having very full knowledge and experience. 

Sixth: That the hardness of the product offers only a very 
partial guide to the stage of vitrification, because of the diffi- 
culty of measuring it, and because of the heterogeneous nature 
of the clay body. 

Seventh: That physical strength, under impact, friction 
or pressure is not necessarily directly proportional to. vitrifica- 
tion, and that many clays develop their best strength at points 
distinctly above or below their best structural density. 

Eighh: That structural density is by far the best criterion 
of vitrification, and that no clay product of low structural den- 
sity can be considered well vitrified, and vice versa. _ 

Ninth: That every clay in burning passes from a stage of 
low structural density, through a stage of the increasing struc- 
tural density up to a maximum, and then more or less rapidly, 
into a stage of still lower structural density, in which condition 
it is worthless as a clay ware. 

Tenth: That the vitrification range during which any given 
clay is at its best structural density is a function of the mineral 
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make-up of the clay itself, and its treatment in burning, and 
while it may be shortened greatly by bad treatment, it cannot 
be greatly extended by care. 

Eleventh: That the physical qualities of different clays 
taken at their best stage of structural density vary greatly, and 
that the greatest vitrification which some clays can attain is too 
low to make them suitable for heavy duty. 

Twelfth: That the absorption test is the simplest and most 
eenerally satisfactory criterion of the structural density of a 
clay product. . 

DEFINITION OF STANDARD 

In view of the foregoing, it seems obvious that we are really 
using the word vitrified in two senses. In the participial usage, 
we call a clay completely vitrified, when it attains its best phy- 
sical state, i. e., its greatest structural density, and this regard- 
less of what particular degree of density this happens to be. In 
the other, or adjective usage, a clay is called vitrified only when 
it has a certain degree of structural density, regardless of what 
it is capable of having. 

If it were feasible to abandon the use of the word entirely 
in this last sense, and replace it with some new expression which 
would avoid this constant confusion, it would be better to do so, 
but there seems to be no likelihood: of being able to do this. The 
word is too thoroughly rooted in our technical practice. 

Different Standards for Different Wares. It will at once 
be apparent that for every one of the different kinds of products 
listed in the early part of this paper a different degree of vitri- 
fication might properly be required, and therefore different ab- 
sorption percentages be set. No one would contend that the ab- 
sorption: limits set for high voltage electric insulators need be 
exacted for sewer pipe or paving bricks. In fact, limits have 
been set in private and public contracts for a long time past, and 
quantities of such wares have been bought and: sold on specifica- 
tions, which require such a degree of impermeability as will not 
permit of the forming of a red ink spot on a fresh fracture of 
ware in some kinds of goods, down to one permitting five percent 
or six percent absorption for others. 
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The greatest injustice which has been done in this connec- 
tion is done among the more ignorant buyers and the more ig- 
norant sellers. Thousands of dollars worth of sewer pipe, drain 
tile, roofing tile, and bricks of various sorts, are sold annually 
where the specifications merely provide that the product shall be 
‘‘vitrified,’’ but do not specify what degree of vitrification will 
-be exacted. Then, when some envious and disappointed bidder 
raises the question afterwards, and the City Council, or Engi- 
neer, or Director of Public Improvements, or County Commis- 
sioners are obliged to rule on what. ‘‘vitrified’’ means, there is all 
kinds of chance for injustice. 

I believe that the American Ceramic Society is the logical 
body to take the initiative in this matter. Any definition, made 
by us or by any other organization or individual, is a purely 
artificial matter, or fiat. It becomes law only by general accep- 
tance, and because the public has confidence in the ability of 
those who decide. 

I therefore proposed the following for the consideration of 
the Society : ; 


Where the word vitrified is used in a contract or agree- 
ment as an adjective in describing the properties of a clay 
product, without further definition in the contract, it shall 
mean that the product shall have attained in the firing process 
such a degree of structural density that its mean absorption 
will not exceed three (3) percent of its own initial weight of 
pure water, when subjected to absorption tests of forty-eight 
hours’ complete immersion in cold water, or three hours’ im- 
mersion in boiling water. Not less than three tests shall be 
made in determining the mean absorption, and no single test 
may exceed the mean by more than one-half percent. Neither 
the possession of the visual properties or appearance of a 
glass, nor any definite degree of physical strength, hardness, 
color, or specific gravity shall be implied as an attribute of 
vitrification. 
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DISCUSSION 


Mr. Bleininger: It is a rather curious coinvidence that 
several weeks ago I received a letter from a Western sewer-pipe 
concern regarding the definition of vitrification, and that we 
gave the exact limits as stated by Professor Orton. 

Mr. Potts: J also gave the same limits of vitrification 1n 
rejecting a batch of sewer pipe just. before Christmas, 1913. ~ 

Mr. Jackson: I should like to ask Professor. Bleininger 
whether there is not some recognized test which covers the ques- 
tion of vitrification from the viewpoint of the purchaser of such 
ware. 3 | : 
Mr. Bleininyer: So far as I know the actual purchase of 
pottery is based on visual inspection. I want to say, further, 
that we have a good many specifications in the government ser- 
vice that are never used at ail. Be ; | 

Prof. Silverman: There is one point that. I should like to 
mention in connection with your color-absorption test, with 
which we experience considerable difficulty in glass, viz., that 
the surface itself will resist the action of solutions, while with 
slight scratching you get good absorption. So you might have a 
surface coating that would prevent absorption and put.the ar- 
ticle in the class specified by your conditions, yet the moment 
weathering had removed that surface coating, it would be out 
of the class due to greater absorption. That would not hold 
good in very porous materials but would in the more glassy. 

Another point is a sng¢gestion to enable you to differentiate 
porosity due to communication between the spaces and that due 
to bubbles. The general porosity might be determined by plac- 
ing a piece of material in an inverted tube full of mercury, so 
that the mereury would cause the gas in the communicating 
pores to be released for measurement. After this take the piece 
and place it. in a steel mortar, fitted: with a connecting gas tube. 
Close the vessel by means of a rubber washer. The pestle itself 
is encased in a heavy rubber tube. You can thus do your erush- 
ing after the mortar has been evacuated. In this way, you first 
remove the gas in the communicating pores and subsequently 
measure the gas volume of the enclosed pores, due to the glassy 
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svructure itseif. Thus you can differentiate between communi- 
eating pores and bubbles. 

You may have occasion to use such a method, as there is the 
possibihty of differentiating between the two kinds of spaces. 
ihe apparatus was constructed by Dr. Francis C. Phillips, of 
the University of Pittsburgh, and is used for a similar purpose 
in the analys.s of minerals. 

Mr. Staudt: As a manufacturer of white vitrified floor 
tile, I think that I should get into serious trouble if my tile 
would absorb as high as three percent of water. The architects 
have already defined the meaning of the word ‘‘vitrified’’ as to 
vitreous floor t.le, by specifying non-absorbant. to make sure of 
this, the architects test. the tile by means of ink. If the ink 
washes off readily, the tile are considered non-absorbant; if, 
however, the ink leaves a spot on the tile, the architects claim 
that they are absorbant. ‘To claim that the tile do not absorb 
more than three percent of water would not hold good. I would 
simply be shown the ink-spot. and be told that the tile are ab- 
sorbant, whereas specifications read: ‘‘tile to be non-absorbant.’’ 

Mir. Lovejoy: On the other hand, if three percent were 
the maximum limit a number of paving brick manufacturers 
would have to go out of business. 

Mr. Stull: In regard to the ink test, if that test is to con- 
tinue in use, it ought to be standard.zed. Results depend upon 
the kind of ink used. Some inks require vigorous rubbing to 
remove them from a glazed surface, while other kinds will wash 
off readily. 

Mr. Staudt: They take almiost any kind of ink in making 
the test, in some cases they ttave used red ink, which seems to 
contain a sharper acid than does the black ink. I came across a 
tile on which black ink would wash off freely whereas red ink 
left a stain. 

Mr. Minnemann: In regard to the ink test, I think that it 
is unfair to a certain extent, because the kind of fracture ¢on- 
trols tne amount of ink left on the piece. In a stony body, 
which may be just as dense as a piece with conchoidal fracture, 
the fracture will often fill with ink that you are unable to wash 
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otf as you could in a glassy piece. In two different materials, 
there may be two different kinds of fracture. 

Mr. Denmead: I think I ean add something to help prove 
Mr. Minnemann’s statement. It is a habit among our engineers 
to get a piece of porcelain from the works and immediately dip 
it into ink, leaving the ink on until the next day. We have 
tested seventy-five pieces treated in this way and have foun] 
that although it was impossible to wash the ink off, yet there 
was not an absorption of .03 percent in any one piece. 

Mr. Bleoninger: A- dilute solution of oxalic acid following 
the ink test removes all ink on the surface, but the ink that has 
gone in will not be touched by the acid. 

Prof. Silverman: I want. to emphasize in this connection 
the necessity for standards and especially the need of having a 
committee appointed for this purpose. I tried to bring that 
about last year in regard to glass, and Professor Orton is after 
the same thing in his field. I suggest that a number of commit- 
tees be appointed to prepare specifications. 

Mr. Humphrey: I ean see where an injustice might be 
done ?# an amount of three percent should be established as a 
dividing line between vitrified and unvitrified paving block. All 
engineers want vitrified brick. Some inexperienced or ignorant 
engineer might specify and rigidly hold to a three percent ab- 
sorption specification, which would exclude some good makes of 
pavers from his market. Or it might unjustly cause the manu- 
faecturer a lot of expense and trouble. The injustice would be 
done where a broad general definition is applied to a special case 
where it will not fit. 


EFFECT OF SOME ELECTROLYTES ON CLAY! 
BY ROBERT BACK 


INTRODUCTION 


Applications of the technical control of clay disperse sys- 
iems are made in many branches of the ceramic industries and in 
the setthng of mud and slimes in the metallurgical industries. 
In the ceramic industries, a knowledge of disperse systems is 
appled in casting pottery ware, in making giass pots, and in the 
manufacture of zine muffles and gas retorts, large crucibles for 
steel industries, glass-furnace materials, and furnace blocks. It 
is an aid in the problems of fitting slips or engobes and glazes to 
clay bodies, and also in the improvement of clays by increasing 
or decreasing plasticity and in the removal of objectionable ecolor- 
ing bases and other troublesome substances. The knowledge may 
be of aid also in obtaining a satisfactory method for measuring 
the plasticity of clays. The concentration of mineral slimes may 
be accomplished by the removal of clay or clayey substances by 
electrolytic processes. 


There are many other purposes for which co:loidal clays are 
used, and still others for which they may be used, such as the 
drilling of wells by the mud-laden fluid method.? 


The work represented by this paper was carried on for the 
purpose of studying the effects of dilute solutions of electrolytes 
on plastic clays such as are used in pottery making and allied 
industries, and correlating, if possible, the observed results with 
facts already known regarding disperse systems. The paper is 
published by the Bureau of Mines as one of a series on mineral 
technology. 

Laboratory experiments were made with clay in the follow- 
ing four conditions: as a plastic mass, such as is used in turning 
pottery ware; as a paste with a consistency like that of vaseline ; 
as a clay slip of creamy consistency, such as is used in casting 

1 Published by permission of the Dircc'or of the Prreau of Mines. 


2 Pollard, J. A. and Heggem, A. G., Mud-laden fluid applied to well arilling. Tech, 
Paper 66, Bureau of Mines, 1913. 22 pp. 
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pottery ware; and as a dilute mixture, consisting of 5 grams of 
clay in 100 ec. of water or a salt solution. 

With the plastic clay, the effects produced on the volume 
shrinkage in drying were studied by varying the content of 
water and keeping that of the clay constant, and also by adding 
electrolytes to the plastic clay, while the proportion of water to 
clay was kept constant. 

With clay in the form of vaseline-like paste that would not 
flow, the effects of adding electrolytes were studied, the water 
content being increased or decreased so that the paste was made 
just fluid enough to flow from a funnel. 

In the case of the clay slips, viscosity determinations were 
made, a modification of the Mariotte tube being used, and the 
effects of some electrolytes on the viscosity of the slips were de- 
termined, the clay and water contents being kept constant. The 
flocculating influence of electrolytes of different valency on the 
dilute clay and water mixtures were studied; possible sources 
of error in viscosity measurements were ascertained, and a pro- 
cedure followed that, as far as possible, would eliminate errors in 
making such measurements. The volume shrinkages of the casting 
slips on drying were also determined, varying quantities of elec- 
trolytes that deflocculate the slips being used and the viscosity 
of the slips being kept constant for all the tests by using the 
same weights of clay with varying quantities of water. 

Mechanical analyses of the clays were made, and the mala- 
chite-green absorptions were determined so that the surface- 
factor values and the relative colloid values for the different 
clays could be compared. 


EFFECT OF ELECTROLYTES ON CLAY IN THE 
PLASTIC STATE 


In view of the fact that the literature of clay technology 
contains practically no statement of the effect of electrolytes on 
clays in the plastic state, it was decided to make a careful at- 
tempt to obtain some numerical values. ‘The volume shrinkage 
of clay briquets dried under constant conditions was used as the 
criterion of the effect of electrolytes on the plastic clay. This 
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was done because it is widely believed that any salt that changes 
the surface tension of the liquid medium and consequently its 
viscosity, or effects a change in the state of the colloidal content 
of the clay, will manifest such effects best in the variation of 
volume shrinkage. It is known that shrinkage is a function of 
plasticity, and that the degree of plasticity is intimately asso- 
ciated with the proportion and kind of liquefying medium as 
well as the physical condition of the clay constituents. 


Method of Procedure in Making Tests. The procedure 
fo:lowed was to prepare a thoroughly mixed sample of the clay, 
dry this sample at 110°C., allowing it to cool in a desiccator, and 
then weighing out portions large enough to make, with given 
weights of salts and water, plastic masses fior molding briquets. 
After a thoroughly worked mass of the desired plastic consistency 
had been prepared, it was stored in a moist chamber for 24 hours 
in order to make reasonable allowance for any time effect. 


The plastic clay was molded in a brass form into briquets 
10 by 2.5 by 1.56 em., which were at once weighed and then im- 
mersed in petroleum, the volume being measured in a volume- 
nometer a few hours later. For each concentration of salt, three 
briquets were made and measured. The specimens were then al- 
lowed to dry at the laboratory temperature for three days, and 
were then heated to constant weight in an oven, the temperature 
being regulated by a thermostat at 110°C. The dried briquets 
were at once weighed and immersed in petroleum until com- 
pletely saturated, when they were placed in the volumenometer 
‘for the determination of the shrinkage on drying. 


Determination of Proportions of Water Used. In order 
to establish the limits of the working consistencies of the clays 
used, samples of the clays were made up into briquets represent- 
ing the extremes of the plastic state, that is, so dry at one end of 
the series that the mass could barely be worked, and as wet at 
the other end as the clay could be made and the briquet still re- 
tain its shape when handled. The drying shrinkages were then 
determined as usual. Tests were made with a kaolin from Geor- 
gia, a kaolin from North Carolina, and a ball clay from Tennes- 
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see. The effects on the shrinkage of varying the water content 
is shown in Figure 1. 


These curves illustrate the short range of working consist- 
ency of the two kaolins as compared to the much longer range for 
the ball clay. For the full line curves, the percentages of water 
are calculated from difference in weight of the wet and dry 
briquets, whereas for the broken line curves, the percentages of 
water as actually added to the clay in mixing was used. It is 
evident that the plotted points which show crosses are more or 
less in error. The curvature of the North Carolina kaolin curve 
differs from that for the Georgia kaolin and the ba.] clay, show- 
ing that for a given increase in the percentage of water, the in- 
crease 1n volume shrinkage is greater in the two latter clays than 
in the North Carolina kaolin, especially for the higher percentage 
of water used with each clay. Also for any given volume shrink- 
age, there is a much greater difference between the percentages 
of water on the full line and broken line curves for the North 
Carolina kaolin than there is for the Georgia kaolin curves. The 
difference is about four percent for the North Carolina curves, 
which is nearly as much as the greatest difference for the ball 
clay curves, thus showing that for the highest percentage of 
water used with the North Carolina clay, about 9.45 percent of 
the total water content is retained as hygroscopic and pore water, 
and for the lowest percentage of water, 9.75 pereent. The re- 
spective figures for Georgia kaolin are 4.5 percent and 4.7 per- 
cent, and for Tennessee ball clay, 10.85 percent and 5.00 percent. 


That there should be only a slight difference in the two fig- 
ures for both of the kaolins and such a marked difference for the © 
ball clay indicates that the ball clay differs radica ly in structure 
from the kaolins. The finer grained ball clay retains a larger 
proportion of hygroscopic and pore water for the decidedly plas- 
tie state than for the drier or barely p‘astic state, by virtue of its 
fineness of subdivision, which presents a greater proportion of 
minerals in the colloidal state than either of the coarser grained 
kaolins do. It is also noted that the percentage of hygroscopic 
and pore water in the North Carolina kaolin is more than twice 
that in the Georgia kaolin, which fact is the most probable cause 
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of the difficulty in fitting a clay slip containing North Carolina 
kaolin to a clay body. The middle point of each curve represents 
the most satisfactory molding condition for each clay. Taking 
this point in the ball clay curve and the Georgia kaolin curve, 
it is observed that the ratio of percentages of water is 48 : 36.4— 
1.32 :1, while the ratio of volume shrinkages is 31.6 : 15.2 
208s ala 

Tests with Georgia Kaolin. Effect on Volume Shrinkage. 
The effect of NaCl, CaCl,, and AlCl, on the volume shrinkage of 
plastic samples of Georgia kaolin is shown by the curves in Fig- 
ure 2. 

It is noted that both CaCl, and AlCl, are more effective than 
NaCl in proportions less than 0.04 percent. A NaCl content of 
).05 percent brings about the same decrease in shrinkage as smal- 
ler proportions of the other chlorides. The tests indicate also 
that 0.005 percent of any of these reagents causes approximately 
an increase in shrinkage of one-half percent more than that for 
water alone, equal quantities of solutions and water being used. 
Bleininger® says, that ‘‘the cause of the dual behavior of the 
electrolytes is to be sought in dissociation phenomena.’’ The 
writer of this paper offers the following explanation: The slight 
increase in shrinkage resulting from the use of the smallest per- 
centages of e'ectrolytes can be attributed to a lowerine of the 
surface tension or a change in the viscosity of the lquid—the 
liquid medium—sufficient to cause a slight defloceulation that 
renders the volume of the hquid medium more than enough to 
vive the degree of plasticity obtainable with distilled water and 
no electrolyte. According to Purdy,* defloceulation of purest 
clay grains takes place when the surface tension of the liquid 
medium is less than that of pure water. Consequently, the 
shrinkage must increase over that represented by the pure water 
curve until the concentration of the electrolytes causes floccula- 
tion, when, for the same volume of lquid medium used, the 
shrinkage decreases. When the concentration of these three 
salts was 0.05 of 1 percent, the maximum effect on the shrinkage 
Sie Bicmiuces A. V., The Effect of Electrolytes upon Clay in the Plastic ice Origi- 
nal Communications, Eighth Intern. Cong. Appl. Chem., Vol. 5, 1912, p. 24 


*Purdy, R. C., Qualities of Clays Suitable for Making am Brick. Illinois Geol. 
Surv., Bull. 9, 1908, Deol: 
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of plastic Georgia kaolin was approximately reached, the shrink- 
age being practically constant for greater concentrations. 

The dissociation of the salts and’ the effects of their electro- 
lytic properties show more appreciable results in the tests with 
dilute mixtures of clay and solution, described on another page. 

According to Rohland,® such chlorides as NaCl and CaCl, 
should be entirely neutral, but the tests seem to indicate that 
they are rather active in affecting the efficiency of the lquid 
medium in a plastic clay and, as will be shown later, they dis- 
play decided activity in clay in the state of a suspended slip. 

Bleininger® states: ‘‘The use of NaCl is of special interest 
in this work, since experiments carried on in this laboratory 
showed that in the case of exceedingly plastic clays of tertiary 
origin, the plasticity was greatly decreased by the use of salt 
solution, which was strikingly demonstrated by their drying be- 
havior. Briquets made from the untreated clay cracked and 
checked very badly, while specimens made up with a NaCl solu- 
tion dried normally without the slightest evidence of cracking 
and at the same time possessed a greatly reduced drying shrink- 
age.’’ 

Effect on Proportion of Water Retained in Drying. In 
order to determine to what degree the relation between shrinkage 
and pore water is affected by the reagents used, the total and the 
shrinkage water were calculated in terms of the true clay vol- 
ume. For this purpose, the density of the powdered clay was 
determined by means of a pycnometer, using the usual precau- 
tions. The volume of the shrinkage water was then calculated 
from the evident relation: 


1O0ke VV od 
ee 
ume) where, 
V,=volume (cubie centimeters) of wet briquet; 
V,=volume (cubic centimeters) of dried briquet; 
W,—weight (grams) of briquet dried at 110°C.; and 


5 Rohland, P., On the Putrefaction of Clay. Ztschr. anorg. Chem., Vol. 41, 1904, p. 
_ $29; On the Influence of Hydroxylions on Kaolin Suspensions, Holl. Ztschr., Vole?) LOmZ, 
p. 193-4. h E eh 

6 Bleininger, A. V., The Effect of Electrolytes upon Clay in the Plastic State. Origi- 
nal communications, Highth Intern. Cong. Appl. Chem., Vol. 5, p. 24. 


—Percentage of shrinkage water (by vol- 
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d =density of clay. 

Similarly, the following equation holds, 

Total water (ec.) x 100d 

Toy ee ee of total water (by 
sh 


volume). 

In this equation, total water (ec.) is equivalent to (W,— 
W,)-1, W, being the weight of the wet briquet, and the density 
of the water being taken as 1. The percentage of total water 
minus the percentage of shrinkage water equals the percentage 
of pore water. These calculations show that the addition of 
salts decreases the shrinkage water volume 10 to 11 percent and 
increases the pore-water volumes 3 to 4 percent of the average 
volumes obtained when salts are not added. As the difference 
in weight of either the wet or dry briquets was not more than 1 
percent, and as the volume measurements for duplicate pieces 
did not differ more than 0.2 to 0.6 percent, it seems justifiable 
to attribute the variations in the proportion of shrinkage to 
pore-water to the effect of the reagents, manifested in a rear- 
rangement of the clay particles, or a change in their power for 
retaining water at a temperature of 110°C. The latter effect is 
caused by the reagents changing clay sols to gels and thus in- 
creasing the absorptive power of the clay for water. 


EXPERIMENTS WITH ELECTROLYTES AND CLAY 
AS THICK PASTE 


Experiments were made to determine the variation in water 
content necessary with different concentrations of electrolytes to 
cause clay pastes of Georgia kaolin and Tennessee ball clay No. 
1 respectively to flow from a small funnel, drop by drop, one’ 
drop for every 10 to 15 seconds. Twenty-five grams of clay 
were dried for 3144 hours at 110°C., and placed in a jar. The 
clay was made into a paste by stirring with water or water plus 
electrolytes until the above consistency was obtained when trans- 
ferred to the funnel. The funnel had a 2-inch stem of about 4. 
mm. bore. Those concentrations of electrolytes were used which | 
showed marked changes or maximum and minimum points in 
the curves plotted for the viscosity work with the Mariotte tube. 
The results are given in Figures 3 anid 4. 
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With Georgia kaolin, Na,SiO, and Na,CO, in small concen- 
trations had the strongest influence in reducing the quantity of’ 
water needed, whereas the effect of NaOH was similar to that in 
the viscosity measurement tests with Georgia kaolin described 
elsewhere in this paper. The Na,CO, and the Na,Si0, additions 
produced a very syrupy and sticky mass that would easily flow 
from the funnel. With Tennessee ball clay No. 1, Na,SiO,, 
Na,CO,, and NaOH in small concentrations had a marked effect 
in reducing the proportion of water needed. Ca(OH), and 
Ba(OH), in proportions of 0.05 to 0.10 percent also reduced the 
necessary water content to a smaller extent. (Fig. 4.) 


The influence of these electrolytes on the surface tension of 
the liquid medium, and the corresponding flocculating and de- 
flocculating effect on the clay minerals, explains in part the re- 
sults of the work as represented in Figures 3 and 4. The pro- 
nouneed effect of the NaOH, KOH, and the easily hydrolyzed 
salts, Na,SiO, and Na,CO, is due to the hydroxyl-ions they fur- 
nish, and ihe possible solution of organic compounds. 


THE FLOCCULATION OF DILUTE MIXTURES 


The flocculating effect of the three chlorides, NaCl, CaCl, 
and AICl,, on Tennessee ball clay No. 1 and Georgia kaolin in 
dilute mixtures (5 grams dried clay in 100 ec. of mixture) are 
shown graphically in Figures 5 and 6, respectively.. The effects 
are self-evident from these curves, and it is observed that the 
coagulating power of these salts is in the order of their valency. 
Also coagulation took place more rapidly with CaCl, and AICI, 
than with NaCl. 


In this work, the general procedure was as follows: The 
dilute mixtures were agitated for one hour in a rotating ma- 
chine and then allowed to stand over night until apparently the 
maximum settling had occurred. The number of ¢.c. of sediment 
and of turbid and clear solution were determined, and curves 
plotted as given in Figures 5 and 6. 


Volumes of Sediment, Turbid Solution and 
Clear Solution, CC. 


Volumes of Sediment, Turbid Solution and 
Clear Solution, C.C. 
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MECHANICAL ANALYSES AND MALACHITE GREEN 
ABSORPTIONS 


Mechanical analyses of both Georgia kaolin and Tennessee 
ball clay No. 1 were made with the Schoene e‘utriating appara- 
tus after first deflocculating the 5-gram samples of clay with 
sodium hydroxide solution. From the results of the analyses, 
the total surface factors were calculated and found to be 61.33 
for Tennessee ball clay No. 1 and 40.94 for Georgia kao:in. The 
ratio of the two total surface factors is approximately 3:2. This 
coineides closely to the ratio of relative colloids between these 
two clays which, as determined by the malachite green absorp- 
tion test, was 66 : 39.23. 


VISCOSITY MEASUREMENTS OF CLAY SLIPS USING 
ELECTROLYTES 


The effect of electrolytes on Tennessee ball clay No. 1 and 
Georgia kaolin, in the state of slip consistency was studied by 
making viscosity measurements with a modification of the Mar- 
10tte tube as shown in Fig. 7. 

Fifty grams of dried clay with 100 ec. distilled water was 
selected as a standard slip. 

Determination of Possible Sources of Error. Experiments 
were performed to determine the probable sources of error in 
making viscosity determinations. 

Figure 8 shows that the clay samples must. be dried at least 
31% hours at 110°C. in order to have a slip of uniform viscosity 
for all tests with electrolytes. From the curve, it is evident that 
the colloidal structure of clay is much affected by drying at 
110°C. The colloid substance is probably partly changed to a 
set or less active condition of collected molecules of gel-forma- 
tion of decreased hydration, in which the more finely subdivided 
edlloidal content is not so readily dissociated and rehydrated by 
the addition of water. Hence the colloid gels give a much lower 
value for viscosity than clay heated for shorter periods. On the 
other hand, coagulation due to electrolytes increases the viscosity 
values, These results tend to confirm the theory that drying a 
clay dehydrates the colloidal substance, and hence in this case 
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more water is available as a diluent for the dried clay of de- 
creased activity, leaving the dispersive medium less viscous and 
consequently lowering the viscosity of the given volume of clay 
slip, as shown by the curve. This effect cannot be due to the 
driving off of mechanical water alone, for in that case the thor- 
oughly dried clay should require much more water to obtain 
the same degree of viscosity. But with a freshly made slip of 
the dried clay, the viscosity is lower with the same water con- 
tent. The colloid structure must have been partly set and de- 
hydrated. The large circles on Figure 8 show that the addition 
of 0.10 percent of Ba(OH), lowers the time of flow for a given 
quantity of slip to 414 minutes for clay heated only one-half 
hour at 110°C., and to 244 minutes for clay heated 314 hours. 
This shows that a small percentage of Ba(OH), deflocculates 
the system, when the clay is not heated long enough for dehy- 
dration of the colloidal substance, and thereby lowers the vis- 
cosity of the slip nearly to that of the slip made with the clay 
heated for the longer period. With the clay dried 314 hours the 
0.10 percent of Ba(OH), also deflocculated the system slightly, 
as shown by the other large circle above the 3.5 mark. 

Tests were made to determine whether variations in tem- 
perature, quantity of water used, or time of standing of the, slip 
were possible sources of error in making viscosity determinations 
with the Mariotte tube. Tennessee ball clay No. 1 was used in 
making the slips. The tube used for the tests had a bore of 6 
mm. diameter. The results are given in the curves of Figure 9. 


A temperature variation of 15°C. had no appreciable effect. 
Variation of water content had a marked effect on the viscosity 
of the shp. An addition of two percent of water reduced the 
viscosity by 4.08 percent; of four percent of water, 9.18 percent; 
and of nine percent of water, 28.57 percent. However, in all the 
viscosity tests of clay slips in this paper, the water contents 
agreed within one percent, a difference which would affect the 
viscosity measurement by only about two percent. 

With clay dried only one or two hours at 110°C., a consid- 
erable error is introduced by allowing a slip to stand an hour 
or longer before testing. The viscosity is noticeably increased 
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by long standing, because the colloidal substance is again hy- 
drated, and the disperse medium becomes more viscous. If the 
clay is dried 314 hours or more at 110°C., the increase in vis- 
eosity due to standing in an air tight jar is hardly noticeable 
even after 24 hours, if 0.50 percent NaOH be used, as shown in 
the test deseribed on page 534. But if distilled water alone be 
used, the viscosity is appreciably increased on long standing, but 
not as rapidly as with clay heated for\a shorter period. How- 
ever, the final viscosity of a slip made with clay that had been 
heated for the longer period and allowed to stand until a maxi- 
mum hydration was again obtained and the viscosity had reached. 
a constant value, would most probably ‘be greater in value than 
the final viscosity for a slip made of clay which had been heated 
for the shorter period at 110°C., unless permanently set organic 
colloids had been produced. The viscosity tests were made im- 
mediately after the thorough mixing of the slip, and the viscos- 
ity values obtained for repeated tests were constant. 

Figure 10 shows the effect of Ca(OH), and Ba(OH), on 
ball clay No. 1 slips, made with clay which had been heated at 
110°C. for one and three hours respectively. The curves clearly 
show how misleading data would be obtained in viscosity mea- 
surements, if constant quantities of clay samples were not dried 
at 110°C. to a constant viscosity value with water alone, before 
testing the effects of any electrolyte solutions on the clay slips. 

In all the following work on viscosity tests with the Mariotte 
tube, the quantity of drying clay was kept constant, the temper- 
ature was kept at 110°C., and the clay was dried at this tem- 
perature for three or four hours until the approximately con- 
stant time value of 214 to 214 minutes for the efflux of a con- 
stant quantity, by volume of a slip was obtained. This drying 
treatment of all clay samples was then adhered to as the stand- 
ard for viscosity work. 


Tests with NaCl, CaCl, and AICl,. The curves in Figure 
11 illustrate the effects which NaCl, CaCl, and AICI, have upon 
the viscosity of slips made with Tennessee ball clay No. 1. All 
three salts apparent'y act as flocculating agents and consequent- 
ly increase the viscosity of the clay slip. The AICI, shows a 
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marked increase in viscosity for the higher concentrations which 
ean possibly be accounted for by the fact, that AICI, is readily 
hyrolyzed to HCl, and Al(OH),. The HCl accelerates coagu- 
lation by its content of H+ ions. The Al(OH), may be partly 
acted upon by alkali salts present in the clay, to form soluble 
aluminates, until equilibrium is obtained. For concentrations 
of NaCl and CaCl, greater than 0.50 percent, the viscosity is 
lowered slghtly. 

The effects of NaCl, CaCl,, and AlCl, upon the viscosity of 
Georgia kaolin slips are shown in Figure 12. The viscosity is 
lowered for the smallest concentration of those salts used, some- 
what in the order of their valencies, because of a slight defloc- 
culation. C. f. Fig. 2 and page 520. The flocculating influence 
of any of these salts is, however, not as manifest with Georgia 
kaolin, as it was with the ball clay, because possibly, of the fact, 
that the thorough drying rendered the colloidal substance com- 
paratively inactive. The time of flow is plotted in seconds in 
order to magnify the variations in viscosity. Tests with neutral 
salts should be repeated several times in order to verify the ef- 
fect of these salts on the viscosity of slips. These tests were made 
only onee and checked once for each concentration of salt. It 
may be mentioned, that the effect of even neutral salts will vary 
with different clays, which may be due to the kind and condition 
as well as the quantity of colloidal content. in the clay. 


Effects of Ca(OH)., Ba(OH),., NaOH and KOH. Tests 
with Ball Clay No. 1. Figure 13 shows the flocculating influ- 
ence of Ca(OH), and Ba(OH), upon Tennessee ball clay No. 1, 
the former being the more active flocculating agent. Consider- 
able iron is present in this ball clay, and possibly the following 
changes take place: 


3Ca(OH),+ Fe, (SO,) ,—=3CaSO,+2Fe(OH), 
3Ba(OH),+ Fe, (SO,),—=38BaSO,+2Fe(OH), 


Less soluble salts of calcium and barium are thus formed 
along with insoluble and gelatinous ferric hydroxide precipitate. 
This may account for Ba(OH), showing a greater flocculating 
effect on the ball clay slip than on the Georgia kaolin shp. The 


EFFECT OF SOME ELECTROLYTES ON CLAY §33 


TRANS. Am. CER Soc. VoL.XV/ BACK 





Time of Flow, Minutes. 





003.0625 0/25 O25 030 0.50 0.5 1,00 
@ °° Proportion of Electrolyte to Dry Clay, Percent. 

Curves showing effects of Ca(OH), , Bal(0H),,N@OH and KOH on viscosity of 

Ball Clay No./ slips. Slip contained SOgrams of clay (Dried 33 hours at HO°C.) 

and l00cc. of water. 


FIG. /4 
20 
Curves showing effects of Ca(OH); , BalO,, NaOH, 
ie and KOH on viscosity of Georgia kaolin slips. 

S £6 ga, 2, NaOH slips, test repeated at short intervals, 
x Hocculation decreasing. €, NaOH slip atter standing 
8 ‘4 C4 hours, detlocculation. Slips contained 50grams 
= of clay\dried for 4 hours at 110C)and 100 ¢.<. 

= £ Of water 

Qo xv 
re 
2d, 

8 

NN} 

.° 
RS 

4 





5 ) 050 0, B a 1.00 
ee Proportion of Electrolyte to Dry Clay, Fercent. 


534 EFFECT OF SOME ELECTROLYTES ON CLAY 


Ca(OH), was not soluble enough for using more than 0.30 per- 
cent by weight of it in solution for the slips tested. Higher per- 
eents would undoubtedly have brought the curve sharply up- 
ward. NaOH and KOH are vigorous deflocculating agents. It 
will be noticed that Ca(OH),, which has a lower molecular 
weight than Ba(OH).,, is more effective as a flocculating agent 
than Ba(OH).,, whereas KOH of greater molecular weight than 
NaOH is a more effective deflocculating agent than the latter. 


Tests with Georgia Kaolin. The effects of these same four 
electrolytes upon slips made with Georgia kaolin are shown in- 
Mieure 14. Ca(OH), seems to show greater floceulating power, 
and Ba(OH), a little less so than with sips made with Tennes- 
see ball clay No. 1. Thus it is evident that Ba(OH), not only 
prevents efflorescence, or scumming of burned products from the 
soluble sulphates present, as other investigations have proved, 
but also tends to increase plasticity. With concentrations 
oreater than 0.125 percent of NaOH and KOH, the immediate 
effect of these hydroxides on the kaolin slip was that of floceu- 
lating agents. With 0.50 percent NaOH, flocculation was very 
pronouneed, but the effect speedily diminished on repeating the 
viscosity tests with samples of the same slip, as shown by the 
small circles, a, 5. Tests were made at short intervals until a 
comparatively constant viscosity could be plotted, as shown by. 
the broken line. After this slip had stood open to the air for 24 
hours, its viscosity was again determined. The value obtained, 
shown by the large circle c indicates that after the elapse of 
some hours during which the slip had been in contact with air, 
the NaOH became a deflocculating agent, as happened in the 
case of slips of Tennessee ball clay No. 1. 

At least part of the cause for this unstable effect of the 
hydroxide ean be attributed to the formation of the strong de- 
flocculating agent, Na,CO,, by the absorption of CO, from the 
air. When contact with air is not allowed, the viscosity values 
for the different concentrations of NaOH and KOH are not ap- 
preciably decreased, but remain close to the values as shown by 
the full line curves. 

The viscosity values for Ca(OH), and Ba(OH), were fairly 


EFFECT OF SOME ELECTROLYTES ON CLAY abe 


constant for one hour after first testing, during which contact 
with air was allowed, but no tests were made after these slips 
had stood for longer periods. 

It is possible that the Ba(OH), acts somewhat as a defloc- 
culating agent compared to Ca(OH),, according to the following 
reaction as given by Ashley :7 


Ba(OH),+CaSO,—BaS80,+Ca(OH), 
Ca(OH),+CO, ==CaCO,--H,0 


The action may be on alkali sulphate, according to the re- 
action, Ba(OH.),+Na, SO,—BaSO,+2Na0H. and hence that of 
deflocculation by NaOH. Accordingly, the Ba(OH), would not 
show its flocculating influence and stabilize the colloid gels, until 
the soluble sulphates are changed, as shown above, to insoluble 
BaSQ,. 

Bottcher® while doing similar work experienced what he 
called super-stiffening of his slips, and Ashley? offered ‘‘delayed 
chemical action’’ as an explanation. The following is offered as 
an analysis of this action. 

The lime or possible rare earths of the kaolin is probably 
acted upon as follows: 


2NaOH+ Ca gel==2Na‘eel+Ca(OH).. 


If contact with air is not allowed, the colloidal substance re- 
mains coagulated owing to the activity of the Ca(OH), formed, 
thus giving a high viscosity. Otherwise the following reaction 
takes place: Ca(OH),+CO,—CaCO,+H,0, in which ease, the 
stabilizing influence of the hme is reduced to a minimum, be- 
eause the CaCO, which is formed is comparatively insoluble, and 
the reaction goes forward almost to completion before equilib- 
rium is reached. Further absorption of CO, then goes to form 
the deflocculating agent Na, CO,, with the soda gels, and thereby 
eauses a change of the colloidal substances in the system from 





7 Ashley, H. E., The Technical Control of the Colloid Matter in Clays, Trans. Amer. 
Cen soe. Viola 125 1910}. p.e7 85: : 

8 BOttcher, M., The Liquefaction of Clays by Alkali, Sprechsaal, Vol. 42, 1909, pt. 1, 
pp. 133-135. 

9 Ashley, H. E., The Technical Control of Colloids in Clays, Trans. Amer. Cer. Soc., 
Mole ta to LOsp: i790: 
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the gel to the sol state, and deflocculation, with subsequent re- 
duction of the viscosity results. If rare earths have been 
precipitated by NaOH, this formation of the Na, CO, would 
effect their solution again. With excess NaOH, the influence 
of the lime is overbalaneed, and the defbocculating effect of 
the Na,CO,, that is formed, occurs immediately, as shown by the 
initial NaOH curve in Figure 14. The action with Georgia kao- 
lin is not as marked when KOH is used. Similar reactions take 
place, but the action is not so decided nor so much delayed as 
with NaOH, possibly because K* ions are heavier than the Na’ 
‘ions and migrate with greater speed. It would be interesting to 
observe whether lithium hydroxide would cause a still greater 
delay in this action, for the Li® ion has an atomic weight of only 
7, and its speed of migration is less than that of the Na’ ion. 
Bottcher’s!® work gives some foundation for this reasoning, for 
it took a smaller molecular equivalent of LiOH than either NaOH 
or KOH to produce this immediate increase in viscosity or 
‘“super-stiffening,’’ as he calls it; and the viscosity or stiffness 
of LiOH slips of the higher concentrations was not as thoroughly 
reduced after 24 hours standing as was that, of both the NaOH 
and KOH slips. The results of tests by Bottcher do not show 
such a marked difference between the use-of NaOH and KOH as 
those of tests by the author, but the slips used by Bottcher were 
much thicker, 50 grams of clay per 64 ec. of water, which may 
account for the difference. It is evident that the speed of mi- 
eration of the ions plays an important part in reactions for ecol- 
loidal clay solutions containing electrolytes. In this case, the 
rapidity of the defloceculating action, that is effected by the ab- 
sorption of CO,, would be in accordance with the speed of mi- 
gration of the ionic form of the electrolyte used, and also with — 
the relative activity of lthium, sodium, and potassium in the 
absorption of CO, from the air. 

Tests with Na,CO, and Na,SIO,. Figure 15 shows the 
liquefying or deflocculating influence of Na,CO, and Na,SiO, 
upon the slips of Georgia kaolin and Tennessee ball clay No. 1. 


10 Bottcher, M., The Liquefaction of Clays by Alkali, Sprechsaal, Vol. 42, 1909, 
pt. 1, pp. 183-135. 
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Only 0.125 percent of these reagents is necessary to give mini- 
mum viseosity whieh corresponds to maximum deflocculation. 

This concentration of Na,CO, and Na,SiO,, used half and 
half, should be used with a slip of this viscosity in casting work 
to reduce the quantity of water needed and consequently the 
shrinkage. For slips of greater or lesser viscosity, the propor- 
tion of defiocculating reagent would be increased or decreased 
shightly. Using the same kind of Mariotte tube for measuring 
the viscosities of clay slips, Green and Baugh" found that it 
took about 0.6 pereent Na,CO, and) Na,SiO, to obtain a minimum 
value of viscosity, using 68 grams of clay to 110 ec. of water, 
and allowing 200 ce. of slip to flow from the tube. The author 
found that the velocity of outflow changed appreciably for the 
denser slips, as the slip lowered in the tube. In the author’s 
tests, smaller volumes of slip were taken, and the time required 
for the slip to sink in the tube from one level to the next was 
observed. Between these levels the velocity of efflux is practi- 
cally constant. 


VOLUME SHRINKAGE OF CASTING SLIPS, USING 
ELECTROLYTES 


A series of tests were made in order to determine the effects 
which Na,CO,, Na,SiO, and NaOH have upon the volume shrink- 
ages of casting slips. The results of these tests are given in 
Kigures 16 and 17. 

The shrinkage is greatly affected by 0.125 percent of elec- 
trolytes, Na,SiO, having the greatest influence. With Georgia 
kaolin, not more than 0.50 percent of the Na,SiO, could be used, 
for the cast body became so weak in structure that it could not 
be removed from the mold in one piece. The sample of slip with 
0..50 percent NaOH in it was allowed to stand 24 hours ex- 
cluded from the air, before it was tested, and made up to the 
constant viscosity used as a standard in the casting tests. The 
Georgia kaolin slip had stiffened as in the test described on page 
534, and considerable water had to be added in order to get 
the standard viscosity before casting. This is the cause of the 


11 Mellor, J. W., Green, S. A., and Baugh, T., “‘Studies en Clay Slip,” Trans. Eng. 
Cer.. Soc., Vol. 6: 19C5-07%, pp. 165-166; 
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NaOH curves for the two clays being different. If the carbon 
dioxide in the air had been allowed: to affect the kaolin slip which 
stood for 24 hours, the shrinkage would have been greatly re- 
duced, making the NaOH curve more like the other curves in 
Figures 16 and 17. | 

In this work the clays were dried, to give a constant vis- 
cosity for a definite quantity of water, and then slips with elec- 
trolyte solutions were made up to this constant viscosity by 
varying the quantity of water used. Before settling could take 
place, the slips were drawn from a burette into plaster of Paris 
molds, care being taken to use the same volume of slip to fill the 
molds. The shape of the cast pieces when dried is shown in Fig- 
ure 18. The volumes were determined in the usual way after 
first soaking the dried pieces in kerosene over night. The use of 
the larger quantities of electrolytes caused thorough defloccula- 
tion of the slips. The dried cast pieces, when broken, showed 
how completely the fine colloidal material had separated from 
the larger grains of clay. These grains settled to the bottom 
of the cast piece, and the fine colloidal clay settled on top. Such 
thorough deflocculation by destroying homogeneous structure, 
as illustrated in Figure 18,, tends to weaken the piece. The 
dried cast pieces of Tennessee ball clay containing 0.5 percent 
of NaOH and 0.5 and 1 pereent of Na, 8i0, showed hardened, 
dull-black surfaces owing to the accumulation of either colloidai 
earbon or dissolved organic substance drawn to the surfaces by 
evaporation. 


The writer suggests another method for the determination 
of plasticity values. The method involves the formula P—CxBxV 
in which C is the relative colloid value, determined by the Ro- 
denwald-Mitscherlich hygroscopicity method, B is the volume 
shrinkage of the dried cast clay-slip, and V is the viscosity value 
of the clay ship determined by the efflux method. According to 
Stremme and Aarnio, the hygroscopicity determination is the 
most satisfactory method for gauging the colloidal content of 
clays. Since lime and alkalies are believed to affect the mala- 
chite green used in the dye-absorption method, these men prefer 
the hygroscopic method. The formula involves consideration of 
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the absorption, shrinkage, and viscosity of a clay. The fineness 
of subdivision and the presence of absorbed salts will show their 
effects individually on the value of each of the factors, and it 
does not seem necessary to introduce any other factors to ac- 
count for those effects. 
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It is necessary that the clay samples be dried according to 
some definite procedure, and the following method is recom- 
mended : 

The clay should be dried in constant quantities of about 
250 or 300 grams in an oven with the temperature maintained at 
110°C. The material should be distributed evenly in a flat pan 
and placed in the oven so that all samples dry uniformly. The 
drying at 110°C. should continue, until a definite weight of clay, 
after having been cooled in a desiccator then made up into a slip 
with a selected weight of water and shaken uniformly for five 
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minutes in a Jar, will give an approximately constant viscosity 
value with the Mariotte tube. This dried clay, as soon as it has 
cooled to a room temperature in a desiccator, should be used for 
the determination of each of the factors C, B and V. 

For the determination of the factor B, a comparatively low 
viscosity value should be chosen as a standard, by producing a 
slip that flows readily from an efflux tube with a small orifice. 
Then, by using a given weight of dried clay with an unknown 
weight of distilled water at room temperature, a clay slip should 
be made up to obtain the standard value of viscosity, as follows: 
An insufficient quantity of water is first used with the given 
weight of clay to make a slip of approximately cream-like con- 
sistency, which should be agitated for one hour in a rotary ma- 
chine, run at the rate of about 30 revolutions per minute. The 
slip is then allowed to stand in an uncovered jar for 24 hours, 
when the required quantity of water should be added and mixed 
thoroughly to give the standard value of viscosity. Definite 
weights of this uniform mixture should then be east in plaster of 
Paris molds for the determination of the volume shrinkage. The 
best procedure is to use a burette containing a little more than — 
the required quantity for one of the cast pieces, and draw the 
uniformly mixed slip from the burette into a mold. This should 
be overbalanced in a scale pan by a weight that is equal to the 
weight of slip to be used for the casting. The volume of slip’ 
taken for each casting must be carefully measured and recorded. 
The cast pieces are then dried in the molds for 48 hours at room 
temperature, and, thereafter at 110°C. in a drying oven until 
the weight of each cooled piece is constant. The pieces are then 
immersed in kerosene until they are thoroughly saturated with 
the oil and all of the inclosed air bubbles are driven out. The 
time required is 12 to 15 hours. The volumes are then measured 
accurately in a volumenometer, a modified form of that used by 
Seger, and the shrinkage B is ealeulated as a percentage of the ~ 
dry volume. 

The value of factor V is determined by the time of efflux 
from the Mariotte tube of a given volume of slip made from. 
standard proportions of water and properly dried clay. This 
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shp is first agitated for one hour in the rotary machine and then 
allowed to stand in a covered jar for twenty-four hours before 
its viscosity is determined. In some future work the writer 
hopes to test the accuracy and usefulness of the foregoing pro- 
cedure for determining the plasticity values of clays and cer- 
amic mixtures. If factors B and V are carefully determined, it 
is believed that their products alone may give values that afford 
an accurate comparison of the plastic properties of a series of 
clays. Viscosity has been used by Bleininger!? as a measure of 
plasticity with fair results. 


SUMMARY 


1. In making tests with electrolytes on clay in the plastic 
state, the greatest precautions are necessary to eliminate error, 
especially in drying the clay, making it plastic, and molding it 
into briquets. The volumetric measurements are easily kept 
within the allowable limits of error. 

2. For the best working consistency, the ratio of the vol- 
ume shrinkages between the ball clay and the Georgia kaolin is 
2.08 :1, whereas the ratio of the percentages water used 1s 
1.32 :1, thus showing that there is no relation between these 
factors. The hygroscopic and pore water of the North Carolina 
kaolin is more than twice that of the Georgia kaolin, and almost 
as much as that. of the Tennessee ball clay. 

3. The cause of the dual behavior of electrolytes is to be 
sought in dissociation phenomena and the changes in surface ten- 
sion of the liquid medium, “ 

4. Electrolytes that cause flocculation in a clay system may 
often be employed to reduce cracking and excessive shrinkage in 
the drying of troublesome clays. 

5. The varying shrinkage and pore-water volume relations 
can be attributed to an arrangement of the clay particles effected 
by the reagents, or to a change in their power for holding water 
which will not evaporate at 110°C. 

6. The smallest percentages of electrolytes used, show 1n- 


12 Bleininger, A. V., The Viscosity of Clay Slips, Trans. Amer. Cer. Soc., Wole ALO; 
1908. pp 389-395; Vol. 11, 1909, pp. 596-605, Note on the Viscosity of Clay Slips. 
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creased effectiveness upon the fluidity or stiffening of a clay 
when it is in the form of a paste. 

7. The coagulating power of neutral salts and also the 
rapidity of coagulation increased with their valency. 

8. In viscosity work, strict precautions are necessary to 
eliminate error, especially in reference to the procedure of dry- 
ing the clays and as regards the range of time involved in mak- 
ing tests. 

9. Neutral salts as well as acids and alkalies have decided 
influence on the shrinkages and viscosities of clays. 

10. In proportions less than about 0.05 to 0.075 percent 
Ca(OH), and Ba(OH), act as deflocculators but greater con- 
centrations have a decided flocculating effect, the Ca(OH), be- 
ing of greater influence with the two clays tested. 

11. NaOH and KOH are vigorous deflocculating agents for 
all concentrations, although with some clays a temporary floc- 
culating or thickening effect may be produced which ean be ex- 
plained by the presence of lime and other stabilizing substances. 
It is also evident that the atomic weights of the elements and 
consequently the speed of migration of their ions play an im- 
portant part in the rapidity of reaction for colloidal clay solu- 
tions. . 

12. NaOH and KOH also may be used for casting slps 
with approximately equal effectiveness to that obtained with 
Na, 810, and Na,CO,. The volume shrinkages are reduced to 
only 60 to 65 percent of what they would be without the addition 
of these electrolytes. The structure of the cast piece seems more 
compact and stronger when the correct quantity of electrolytes 
is used, but the use of too much weakens the piece. 

The author gratefully acknowledges his indebtedness to 
A. V. Bleininger for helpful suggestions. 


DISCUSSION 


Mr. J. B. Shaw: In the enamel iron industry, when they 
make their enamels with five to ten percent of ball clay, they 
always add what we call tempering material in order to bring 
the enamel slp to the consistency of cream. It does not run. 
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This tempering material makes it short, and is what we eall 
tempering. In enamel, that consistency must be obtained in 
order to get the enamel on the ware in a uniform coat. 

I developed an enamel last spring which gave great trouble 
in tempering, although the same clay was used as in the ordinary 
factory practice. Satisfactory tempering was not obtained with 
the use of borax or magnesium sulphate. Instead of bringing 
the enamel to the consistency of cream, the tempering materials 


seemed to make the enamel run more poorly than if nothing had 
been added. 


I should like to know, in the light of these experiments, why 
these tempering materials acted differently in the case of this 
special enamel and the regular factory enamel. The only dif- 
ference in the enamels was, that one was a very hard enamel, 
practically insoluble in water,—practically none dissolved in the 
water when grinding—whereas the other dissolved somewhat in 
the grinding process. Why can I temper the soft enamel and 
30t the hard one? 

Mr. McDougal: This paper is, indeed, very interesting to 
any one connected with the casting of clay ware. The reactions 
and theory discussed in its text are fundamental to an under- 
standing of some of the phenomena involved in the preparation 
of a clay or porcelain body or slip for use in the casting process. 
Owing to a lack of proper working knowledge of the use of sol- 
uble salts, or electrolytes, many have tried and condemned the 
casting process as a whole. Not only does a great deal depend 
upon the certain clay or body mixture used, and on the certain 
salt or combination of salts used, but with a given body and 
eiven salts, care and judgment must be exercised in properly 
proportioning salt to body. 

A difference of one-twentieth of one percent (based on addi- 
tion to dry body) of salt is sufficient to alter the condition of 
the colloids in some slips (by effecting a preponderance of either 
sol or gel) to such a degree as to ruin the possibility of success- 
fully casting that slip. 

That casting can be successfully done is evidenced by a 
paper in last year’s Transactions by Mr. C. J. Kirk, in which he 
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describes the casting of sanitary porcelain, where the intricacies 
of the shapes and the size of the pieces cast, furnish most severe 
tests whereby the safeness of the process could be judged. 

Mr. Denmead: I wish to ask Mr. MeDougal what thickness 
of mold is possible by the use of salts. 

Mr. McDougal: In a ‘‘solid east’’ piece, that is, where both 
surfaces of the piece are adjacent to a plaster mold surface, and 
where the mold is to be used once every day, I would say that 
about one and one-half inches would be the limit, with the ay- 
erage porcelain body. This limit would vary with each different 
body and with each different proportion of salt content. 

Mr. Denmead: I asked that question, because we have en- 
tered the casting business and have been attempting to cast 
shells something like two inches in thickness at one operation. 
We found that, whenever the salts were used the shell would not 
retain its shape after an inch in thickness was reached. We 
were able to make the shells of practically any thickness in small 
sizes. When we worked with large sizes, and made a shell of 
more than two and a half feet high and a diameter of greater 
than ten inches, we found that there was something in the col- 
loidal nature of the salts, which seemed to fill up the pores of 
the plaster and make absorption very slow. ‘The shell would 
harden on the outside and prevent any more water from being 
absorbed, and as a final result the shell cracked every time. I 
want to get around such troubles, if possible, in a large thick 
piece. 


GLASS MISCELLANIES: NOTES. 
BY ALEXANDER SILVERMAN 


SIMILARITY BETWEEN AQUEOUS AND GLASS 
SOLUTIONS OF GOLD 


Those chemists among you who have observed reactions tak- 
ing place in aqueous solutions of gold salts have noticed that the 
molecular solution of the chloride is yellow; that on addition of 
potassium carbonate and formaldehyde, or a solution of yellow 
phosphorus in ether, a red colloidal solution of gold is obtained ; 
and that on boiling with oxalic acid a brown precipitate and 
blue supernatant colloidal solution result. 

All of these forms may be obtained in solid solution in 
glass, though different reagents are naturally employed to ob- 
tain the results. The specimens which I ‘have brought as illus- 
trations are lead-potassium-sodium silicate glass into which gold’ 
was introduced as chloride (the solution sprinkled on sand, 
which, after drying, was added to the bateh). Stannous oxide 
served as reducing agent. The first specimen, exactly as drawn 
from the pot, is vellow and corresponds to the molecular solution 
in water. The second shows the red colloidal form produced by 
reheating the yellow compound. The third shows both brown 
precipitated gold and the blue colloidal solution in which parti- 
cles are larger than in the red solution. The third type results 
from repeated heating of the red form. All three samples are. 
from the same pot of glass. 


EFFECTS OF VARIOUS TEMPERATURES ON COLORED 
| GLASS 


Having observed that certain colored glasses are very much 
darker at high temperatures that at ordinary room temperature, 
it occurred to the writer that there might be a further change at 
very low temperatures. Small specimens of various colored 
glasses were accordingly immersed in liquid air and results noted. 
Selenium ruby, which is black at high temperatures and ruby; at. 
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ordinary temperatures, varies from yellow to orange in liquid 
air. With copper and gold ruby, the change is less marked. 
Cadmium yellow is lghter. No ordinary perceptible change 
takes place in blues and greens. That the change in color was 
due to the temperature and not to the medium, was. clearly 
demonstrated, as the glass samples, when first removed, possessed 
the same color as in liquid air, and where changes had. taken 
place at the low temperature, gradually came back to normal 
eolor. 

~ ince marked changes had been observed in reds and yel- 
lows, other substances, such as potassium: bichromate, sulphur, 
antimony sulphide, ete., were introduced into the liquid air. All 
became lighter in color except antimony sulphide, which dark- 
ened, and all again assumed the normal color on warming to 
ordinary room temperature. 

Although these results are only qualitative because of the 
limited supply of liquid air available at the time, and difficulty 
in quantitatively analyzing color at the low temperature with- 
out special apparatus, the writer presents these preliminary 
notes and hopes to furnish more exact data later. 


A CHROME RUBY GLASS 


Considerable literature on chrome-pink glazes has appeared 
during recent years which has suggested to the writer the pos- 
sibility of producing a chrome pink or ruby glass. As the re- 
sult of a number of experiments performed, an interesting glass 
has been obtained, which though chrome green in single layers 
is ruby when lght is transmitted by a double thickness, 1. e., 
one piece superimposed: upon the other. The position of surface 
seems to have no influence on color. A faint ruby is noticeable 
also in spots where a single layer is somewhat heavier. The 
phenomena may be observed in the two specimens exhibited, both 
of which are pieces of a sample ball, blown from the glass with- 
out reheating. ; 

Dichroic effects have been observed in aqueous solutions of 
chromium salts and the changing color of the mineral alexan- 
drite is familiar to many, but to the writer’s knowledge, no such * 
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effect has previously been noted in connection with glass. It is 
hoped that the researches will ultimately result in a chrome- 
ruby glass. 
Department of Chemistry, 

University of Pittsburgh 


DISCUSSION 


Mr. Carder: Professor Silverman’s article is very inter- 
esting and bears out facts that some glass makers have been 
aware of for some time. If I remember rightly Professor Barff 
drew attention to these phenomena in 1872. 

The molecular changes produced by quickly heating gold 
ruby showing a muddy or brown tinge by reflected light and a 
bluish color by transmitted light is well known, and the glass 
maker endeavors to prevent this by heating slowly in the reduc- 
ing atmosphere of a lehr or kiln, which insures what Professor 
Silverman calls the red colloidal form. 

I have never seen or been able to produce brown precipi- 
tated gold and the blue colloidal solution in glass by repeated 
heatings after the red stage has been reached; on the other hand, 
it is produced always by quickly heating. 

The effects of various temperatures on colored glass, espec- 
ially low temperatures, is a new departure, and from a scientific 
point of view, of some importance, and I hope Professor Silver- 
man will furnish more data. 

I trust that Professor Silverman will continue his experi- 
ments on chrome ruby glasses. 

I have been aware for some time that pink colors can be 
obtained by chrome in conjunction with other oxides in glass. 

Colors ranging from a pale green to pink and purple are 
obtained by eareful and numerous reheatings. Such colors are 
very fine, but it is with difficulty that two pieces can be obtained 
alike. | | 

Mr. Frink: So far as Professor Silverman has progressed 
with his chrome ruby, there is little to be said in the nature of 
discussion. 

There is one suggestion, however, which comes to my mind. 
I note that he speaks of changes in color produced by the vary- 
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ing temperatures to which glass specimens were subjected, and 
his remark that these changes in color were due to temperature 
and not to the liquid air is undoubtedly true in a sense. There 
would be no change in color for temperature alone; at least 
temperatures below the glowing point are not visible. Is it not 
the size of the particles or the size of the molecules and their 
relative position in the various glasses and other materials men- 
tioned which produces varying angles of light refringence and 
reflection, or perhaps alters the degree of absorption which again 
would change the length of hght ray and in consequence its 
color? Of course, reds and all those colors at the red end of the 
spectrum will be changed to a greater extent than those at the 
violet end, for the wave length is longer, and any changes that 
are brought about by reason of molecular size in the specimen 
will naturally introduce a greater deviation of the incident ray, 
perhaps changing its phase or its length. One, both or all of 
these may be ‘affected, depending upon the light-transmitting, 
absorbing or refracting properties of the substance. 

It certainly will be interesting to learn Professor Silver- 
man’s later experiments and results with more elaborate appara- 
tus. As a suggestion, sodium, argon or mercury lights with 
filtering devices transmitting light of known wave length might 
be tried so as to determine the effect of temperature on the color 
of glass as compared with its effects on the pure light rays. 


SOME OF THE PROPERTIES OF WHITE PORTLAND 
CEMENT 


BY P. H. BATES, PITTSBURGH, PA. 


The uses of a white Portland cement in competition with 
Keenes cement and other hard burned slow setting plasters, is 
sufficiently great to cause quite a demand for such a material. 
Some idea of the extent of this demand: may be gained from the 
- fact that in the Bankers Trust Building of New York 5000 bar- « 
rels were used, largely for backing marble and stone ‘‘base 
boards,’’ tile, ete. Its use as a stueco for outside wall finishing, 
either alone or with a tint, is also large. 

At present, 1t is made by the manufacturer so as to pass the 
specifications covering the ordinary gray cement, and conse- 
auently its manufacture involves some slight difficulties — the 
principal one of which seems to be securing a material setting 
too quickly. This is caused not so much by the high alumina 
content alone, which is rather less than the gray cements, but 
by the absence of iron oxide. Contrary to the old idea, iron 
oxide does not act similarly to alumina and cannot replace it 
even in small quantities without materially affecting the cement, 
but in some unknown way it prevents the quick hydration and 
consequently causes slower set. There is no difficulty in reaching 
a temperature sufficiently high to produce satisfactory white 
clinker without the use of a flux. There is some trouble in se- 
curing a clay sufficiently low in iron oxide to give a satisfactory 
white color; and even now the white clays used by the manufac- 
turers give a clinker which requires grinding to a finer degree, 
than that to which gray cements are ground, in order to obtain 
a good color. This, however, increases the troubles with the 
time of set, since the finer a cement is ground the quicker will 
it set. 

In order to obtain first hand information in regard to this 
class of cements, the following series of burns were made; the 
clinker resulting from these was examined and tested as herein- 
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after described. Particular attention was given to the regula- 
tion of the set by plaster and the determination of the effect of 
the addition of various quantities of plaster on the strength. 


RAW MATERIALS AND PRODUCTION OF CLINKER 


The raw materials used were a white clay, a potash feldspar, 
flint, partially calcined alumina and limestone. The analyses 
of these are: 





CLAY FELDSPAR FLINT ALUMINA LIMESTONE 
SiGe fae eer ne Oe PAU, 70.83 98.38 1.44 0.08 
ALO ha aac bs Mae 15.94 16.60 ) 0.44 96.02 l 0.12 
Mes), Sere ee 0.94 0.19 j 0.35 
Ca@) Sots fa see 0.50 0.44 ek 0.37 55.40 
NL) easels anaes 1.14 0.08 pears 0.35 0.79 
Na:sO arelietalieneireteeine te euetelie 3.29 
[OR Maan oe at 22 ee S32 Seed seage Se 
Ignition loss... 3.65 0.63 0.27 1.56 43.57 

















Lea i 100.38 99-09 100.09 99.96 


In the first three burns, the raw materials were clay and 
limestone to which a little of the feldspar was added. This was 
added in order to correct the mix as first made, which was desired 
to be similar to the mix used by one of the cement companies 
making white cement, and after the supply of white clay on hand 
had been exhausted. It was used in each of the three burns to 
the same extent and formed about one percent of the mix. 


The fourth burn had for raw materials flint, alumina and 
limestone, and the fifth ‘had feldspar and limestone only. As 
calculated, the first and second burns had the same lime content, 
but the first had a higher silica and lower alumina content than 
the second; the third burn has the same silica content as the sec- 
ond, the same alumina content as the first but a higher lime con- 
tent than either. The first, fourth and fifth burns had the same 
composition—thus producing three cements of similar composi- 
tion made from three different raw materials. 
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The relation between the composition of these burns is more 
readily understood by the analyses of the clinker, which follows: 








BURN NO. lL 2 3 4 5 
SiO aan acres a di 26.19 24.04 23.38 25.94 PO col 
Pile Ogi eas SA 5.97 Noo 6.03 6.55 6.30 
Fe.O3; ak 0.44 0.68 0.53 0.44 0.31 
So ey nce 66.04 - 66.02 68.35 65.50 65.72 
GO ts 5 on 1.32 1.43 1.38 1.35 1.10 
ER Oe eee Ceara tiee 0.00 0.00 OvOr 0.07 0.19 
AS COS Ra Rn a aad 0.24 0.15 0.14 0.12 0.32 
Ignition loss.... 0.27 0.54 0.60 0.36 0.21 

















100.47 100.21 100.42 100.33 100.46 


The raw materials were ground in a ball mill until 85 per- 
cent passed a 200 mesh sieve. In the case of the feldspar, alum- 
ina and flint, it should be mentioned however that as purchased, 
95.8 percent of the feldspar, 69.6 percent of the alumina and 
98.8 percent of the flint passed this sieve. The fineness of the 
clay was not determined but was as received from the ‘‘bank,”’’ 
and required preliminary crushing in a jaw crusher. 

The material, after grinding, was burned in a 2 ft. by 20 ft. 
rotary gas-fired kiln. This kiln was lined with magnesite brick 
(made from high iron magnesite), so that the clnker was con- 
taminated a little by iron from this source, and the resulting 
clinker, excepting burns Nos. 4 and 5, was a little more of a 
eream color than the two domestic white cements now on the 
market, but still of such a degree of whiteness that it was neces- 
sary to compare them side by side with the commercial material 
before the inferiority in color was noticed. Burns Nos. 4 and 5 
were a dead white. 

No difficulty was experienced in making any of the burns 
excepting the high alumina burn No. 2. In this case, there was 
a decided tendency for the clinker to form ‘‘rings’’ in the kiln, 
thereby reducing the draft and consequently lowering the tem- 
perature. The knocking down of these rings necessitated the 
temporary shutting off of the gas, which further reduced the 
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temperature. Before the kiln could be worked continuously af- 
ter the removal of one of these rings it was necessary to raise 
the temperature while slowly turning over the kiln, entailing 
much extra labor and loss of output. The average temperature 
for each burn was: . 


BurmUNoy ih Aes ot ae eee ee 15457 C. 
Bur: Noeoy Paes aoe ee 1496°C. 
BurntNos3 002 ob ohne eek eee ee 151976: 
Biri NGS 4 ee ote cera eee 15302 GC: 
Burn No:05 4:35) eae ea eee 1536" CO: 


Readings were made every 15 minutes over a period of 6-7 
hours, with a Wanner pyrometer which was checked on several 
occasions during the burns to within 15° by a Holborn-Kurlbaum 
pyrometer. 

The clinker as produced was of a light green color, about 
one-half inch in diameter. It was very well sintered but not 
vitrified, and would be considered well burned with but shght 
and infrequent appearances of underburning. 

The petrographic analysis showed that in every case, the 
8 orthosilicate of lime was the most important constituent, though 
the tricalcium silicate was present in considerable amounts; the 
only aluminate present was the tricalcium aluminate; there was 
a little low refracting colorless glass present; free lime was pres- 
ent in every case, but in burn No. 4 to such a slight extent that 
White’s test was negative (production of lime phenolate in a 
nitrobenzol solution of phenol by the free hme). The petro- 
eraphic examination also showed that burn No. 1 contained a 
little more free lime than No. 4, burn No. 2 more than burn No. 
1 and burn No. 3 the most. This was later borne out by the 
constancy of volume tests. (See Table I). 


PRODUCTION OF CEMENT FROM THE CLINKER 


The clinker, amounting to about 275 pounds, was crushed 
in a Jaw crusher, then passed through rolls until all passed a 20 
mesh sieve, and then ground in a ball mill with flint pebbles un- 
til about 82 percent passed a 200 mesh sieve. It was then di- 
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vided. into five portions, one portion was tested without the addi- 
tion of plaster; a second portion was tested after grinding for a 
short while in a ball mill with approximately 1 percent plaster ; 
another after the addition of 2 percent; another after the addi- 
tion of 3 percent, and the last after the addition of approxi- 
mately 4 percent. An actual determination showed these differ- 
ent portions of the different burns to contain the following 
amounts of SO,: 


PORTION NO. 2 3 4 5 
DIK NOs sete meses ae ee eae | OLo7 1.32 1.63 PAS k 
| Bvt geal te peat tee eee ae Penney Ae ge oN 0.61 i Pai iy? 1.58 2.27: 
BRIE TS NO oS See ee teases we to 0.53 ot 1.68 2.34 
PEL IV MINOR 4 ely tee Oe Se 0.55 1.08 Pwd 2.26 
BD ULNEN ©. Seer eta ote eee eect 0.59 1.05 ios 2.31 


The fineness of the different burns on the 100 and 200 mesh 
sieves was as follows: 








PASSING 


100 mMESH|] 200 MESH 


percent percent 
Barn, No. eae eg RE EBL chase, eo ees k oye as oan SE 98.2 82.7 
HE SAE Epa NO Be are ors cee esc ate Haw elas «nave gies 98.0 84.2 
BETES SNUG Dyn Ale ek ee a re ae a 97.6 83.6 
UST TiN Oe ee le ee neo ive o's Ale RLSM 99.0 84.4 
DUET NG te a Ns ay lal, aie y achave gb a etea 98.3 83.4 


The specific gravity of the various portions of each burn 








PERCENT PLASTER 
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It will be noticed from these that the gravity is very little 
lower than that of the ordinary cements, and still above the low 
limit of 3.10 placed in specifications for material of the latter 
class. 

TIME OF SET 

As stated before, the primary reason for making the inves- 
tigation was to determine the effect of the addition of sulphate 
of lime upon the setting time of the cement. It has been gener- 


“—% 





HiGy) 2 


ally believed that white cements require more SO, to produce a 
satisfactory set than the ordinary gray cements, and it has been 
suggested that the hmit of 1.75 percent for this constituent, as 
adopted by the various American engineering societies, be in- 
creased by from .25 to .50 percent. In this particular investiga- 
tion plaster of Paris was used. Undoubtedly the use of gypsum 
would have given different results since in grinding the cement 
with this form of the sulphate, sufficient heat is generated to 
hberate at least one molecule of water, which in the closed ball 
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mill, combines first with any free lime and then with the calcium 
aluminate; this combination would undoubtedly produce a slower 
set when the addition of a definite amount was made, than if an 
amount of plaster containing the equivalent of SO, content was 
added. 

An examination of Table I which gives the time of set as 
determined both by the Gilmore and Vicat needles, would indicate 
that, with one exception, the content of approximately 1.75 per- 
eent SO, (3 percent CaSO,) was already too great to produce 
satisfactory results. This is seen in all instances, except burn 
No. 4, when the addition of approximately 2 percent CaSO, pro- 
duces the quickest final setting maiterial. While this table also 
shows that so far as constancy of volume is concerned, this burn 
is more satisfactory than three of the others, yet it is no better 
than burn No. 1, to which it is similar in composition. It is a 
somewhat better cement than burn No. 1 so far as the strength 
of mortar and conerete which it produced are concerned, and 
from the petrographic analysis it also showed less free CaO, but 
there is no satisfactory reason why increasing amounts of SO, 
produce so little change. This fact, however, makes it necessary 
to do further work before any positive statement can be made 
in regard to the proper amounts of SO, to be used in regulating 
the set of this kind of cement. 

The purpose of burn No. 2 was to see the effect of increasing 
the percentage of alumina on the time of set. Owing to the diffi- 
culties mentioned in making this burn, a rather poor material 
containing much free lime was obtained. It does not seem that 
the increase of approximately 1.25 percent Al,O, has’ materially 
increased the time of set. 

It has been noticed by several observers’ that some time after 
the initial set has been passed, the cement seems to become more 
plastic again. In the present investigation a recording Vicat 
needle (Nicol spissograph) was used, the working of which is 
shown: sufficiently clearly in Figure 1, making further descrip- 
tion unnecessary. It was soon found that this phenomenon could 


1McKenna, Metallurgical and Chem. Eng., Vol. 2, 1912, 83; Burchartz, Ton. Zeitung, 
1910, and Eng. Record, 1909, 661; Gary, Conerete and Constructional Engineering, 1906, 
356. 
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SHOWING TIME OF SET, NORMAL CONSISTENCY AND CONSTANCY 
. OF VOLUME 





SET PATS. 
Eh a = 
a0 A o 
= a 
Bee iy ise 28 pays| 28 pays] IN 24 HOURS IN 
Ans aa ne oe aes DAMP CLOSET 
SB «| 38 finrrman| rrnav |rvirran | Finan ad ee 
Sel ae AIR WATER | CLOSET 
VA ee) | | | | ~ THEN STEAMED 
<20/ 20 |H| mMilH| wl]uHim lH cae 








ERLE PN ia ty TOMO g eri kosat este 
GILMORE VICAT. HOURS 











0.0. 4.20.5 | 0/10 | 7/20 | 0|05 | 6/30] OK OK OK OK 
120) |-20-5: 1. 0115 -|°5135-|. 0109 |) 1140) OK OK One OK 

2.0 | 20.0 | 2155 | 4155 | 2/30 | 4185] OK OK OK OK 
 OnieioeO | O)47 =| G30" (027 1 5150) OK | .OK | OK OK 
4.0 | 19.0 | 0/34 4/45 | 0/25 | 4125] OK OK OR OK 
0.0 | 22.5 | 0|09 2/35 | 0/05 | 0155 )Soft:C’] OK D D 

120°) 22.0: |, 0/05 |. 0133 )-0106 | 01151 “OK OK D D 

2.0 | 22.0.1 1150-)--3105<11/48.} 2/10] -OK OK D D 

3.0 | 21.0 | 2/05 | 6/00 | 0/50 | 5)20) OK OK D D 

4.0 | 21.0 | 0/35 5|10 0/30 | 4155] OK OK D_ {|Soft:W? 

0.0 | 22.5 | 0/20 | 9/00 | 0/06 | 4/30 |Soft:W\|Soft:W| D D 

1.0 | 22.5 | 0/33 | 2/35 | 0/26 | 0145 |Soft Wr-bd D 

2.0 | 21.5 | 2140 | 6/50 | 2/00 | 5;00|Soft:W) OK D D 

BeOch ol. oe) O14%eiadi10 4 O20) 1 4180 Soft: Wi: OK 18) D 

4.0 | 21.5 | 0/44 | 4145 | 0137 | 4/15|Soft:C|W&C}| D {Soft:Checked 
0.0 | 23.5 | 0/06 | 5/30 | olo2 | 3/30) OK | OK | OK OK 
L0ci23 5 1 0168 nie 5135-|° 0110.) 1451) OK OK OK OK 

2.0 | 22.5 | 0133 | 0/48 | 0/23 | 0135], OK OK OK OK 
3.0 | 20-5 | 0/33'| 3100 | 0150 | 44145; OK’ | OK | OK OK 
4.0 | 19551 0142. 1°5120-1 0/30 + 41451 OK OK OK OK 
0.0 | 21.5 | 0/12 | 5130 | olo9 | 4/35] OK OK D_ |Soft:Checked 
1.0 21.5 | 0/04 | 0/30-| 0/03 | 0/22} OK OK D_ |Soft:Checked 
2.0 | 20.0 | 1155 | 4100 | 1140 | 3/25} OK OK D_ |Soft:Checked 
3.0 | 19.5 | 0/35 | 4/05 | 0/30 | 4/00} OK OK D_ |Soft:Checked 
4.0 | 19.5 | 0/39 | 3130 | of32 | 3105} OK |W&C| D_  |Soft:Checked 

| 


cS i 


1Cracked. ? Warped. 3 
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be detected by this apparatus, and in Figure 2 some of the curves 
as obtained by this instrument show this, condition. This condi- 
tion could not be always detected by the instrument, though us- 
ing the same cement, nor are the curves similar. Thus it is seen 
in the figure that the first and third curves of the top row (burn 
No. 3 containing 3 percent CaSO,) both shiow this condition, but 
the needles penetrated much further in the third, after the ini- 
tial set—really giving two initial sets almost 50 minutes apart; 
while the second does not show this at all. The second and third 
eurves of the bottom row also show this phenomenon; both give 
two initial sets, while the first shows a slight tendency towards 
this, but the needle penetrated a little too far at the early period 
to show a set. This cement (burn No. 2 containing 3 percent 
CaSO,) gave very different. initial sets as determined by the Gil- 
more and Vicat needles (see Table I), and further work, using 
this cement and the two needles, showed that the time as deter- 
mined by the Gilmore needle corresponded to the second initial ° 
set as noted by the Vicat, the Gilmore needle not being sufficient- 
ly delicate to detect this—excepting in one case when an initial 
set of 48 minutes was obtained, agreeing very closely with the 50 
minutes obtained by the Vicat. The first curve of the bottom 
row which does not show an initial set at 50 minutes, but only 
one at two hours, agrees with that given by the Gilmore needle 
of 2.05 hours. As the temperature of the cement, mixing water 
and room, did not differ by more than two degrees, the differ- 
ence in the curves cannot readily be explained by temperature 
difference. The cement and water were mixed in each case by 
the same operator for the same length of time. 


The reason for this increased plasticity has been explained 
by McKenna, ‘as due to a disengagement of water when some 
compound resulting from the hydration, separates from the su- 
persaturated solution. The water thus freed acts upon the col- 
loidal material of hydration and softens it. Further hydration, 
of course, again takes up this water and the setting proceeds. 
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CONSTANCY OF VOLUME AND NORMAL 
CONSISTENCY 


Table {£ also shows the condition of pats after storing, in 
air, in water for 28 days, and after boiling and steaming at the 
end of 24 hours. It is seen that burns Nos. 1 and 4 are satisfac- 
tory in every respect, and burns Nos. 2 and 5 are satisfactory 
except after the ‘‘boiling’’ and ‘‘steaming,’’ while burn No. 3 
(containing the highest percentage of lime and the lowest per- 
centage of silica and alumina) is almost entirely unsatisfactory. 
These results agree entirely with the petrographic examination. 
The latter method of examination of a clinker or ground cement 
to determine the relative amount of free lime is much more 
quickly made than the boiling or steam test, and with some 
little practice it is comparatively easy to predict the degree of 
soundness. As burns Nos. 4 and 5 were made at the same tem- 
perature, at the same rate of feeding of the raw material, and of 
the same degree of fineness and same speed of revolution of kiln, 
it would appear as if a higher temperature were required for the 
lime to combine with the silica and alumina of the feldspar, than 
with free silica and alumina which were used in burn No. 4. 

This table also shows the well known fact that with increas- 
ing amount of sulphate, a decreasing amount of water is required 
to produce paste of the same consistency. 


STRENGTH TESTS 


Specimens of neat cement and 1:3 standard Ottawa sand 
were made for tension tests; 2 in. cubes of 1:3 standard sand 
were made for compression tests; and 6 in. 1:114:414 concrete 
cubes were made, of the portion of each burn containing 1 and 
3 pereent plaster, also for compressive strength. 

The average strength of three specimens as made above for 
each portion of each burn after 24 hours, 7, 28, 90 and 180 days, 
is given in Table IJ, and shown graphically in Figures 3, 4, 5, 
and 6. 

: These results do not follow those obtained for the time of 
set, namely: that the portion containing 2 percent. plaster gives 
the most desirable material. In the greater number of cases the 
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addition of 3 percent seems to give the best results, though in 
some cases 4 percent gives the best. Also the same percentage 
may give different relative strengths at different periods as in 
burn No. 4 when both the sand tension and compression speci- 
mens, containing 4 percent plaster, give a higher figure at four 
weeks than those containing 3 percent; while at the end of one 
week, those containing 3 percent gave the higher strengths. 


It is also noticed that these tests roughly follow the con- 
staney of volume tests—those cements which gave pats showing 
a poor “‘boil’’ or ‘‘steam’’ also show poor strengths. This is 
particularly shown in burn No. 3, where the pats containing 1 
percent plaster show a retrogression in strength of the neat 
specimens between the 24 hour and 7 day specimens, and at the 
end of the 28 day period had enlarged so much that it could not 
be placed in the testing machine. The portion containing 2 per- 
cent gave 607 pounds per square inch at 28 days, while this same 
portion as a 1:3 sand tension specimen gave 278 pounds per 
square inch, and as a 1:3 sand compression specimen gave 1682 
pounds per square inch at 28 days. The portion containing 1 
percent gave but 21 pounds and 395 pounds per square inch, 
respectively. Note also the difference between the strengths of 
the concrete made from the cement of this burn containing 1 
percent and 3 percent plaster, the former at 28 days showing 
signs of disintegration. The low strengths developed by the 
portions of burn No. 3 containing 0.0 pereent, 1 percent. and 4 
percent plaster can all be explained by the fact that the lack of, 
or too low, or too great percentages of plaster allow the rapid 
hydration of the aluminate and trisilicate which produces the 
early strengths, simultaneous with the hydration of the free 
lime, the result being a breaking up of the bond of the particles. 
Wihereas the proper amount of plaster holds back the hydration 
of the silicate and aluminate until after the lime is hydrated, 
thus not breaking up the bond, which in this case is subsequently 
formed. 

The strength of the sand specimens are exceptionally good, 
if we take asa criterion the strengths desired by standard speci- 
fications (500 Ibs. and 600 lbs. per square inch at the end of 7 
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and 28 days, respectively, for neat specimens, and 200 and 275 
Ibs. at the end of the same periods for sand specimens). In fact, 
it is clearly seen that there is no difficulty of producing a satis- 
factory cement comparable with the ordinary cement, when the 
proper addition of sulphate of lime has been made. That 1 per- 
cent was undoubtedly not the proper amount is shown by the 
strengths of the concrete, which in every case gave markedly 
better results when 3 percent was added, in one case a 100 per- 
cent better result being obtained and the least increase being a 
little over 25 percent. Whether further additions would have 
given still better results is not known, but it did not always do so 
in the case of the sand cubes. 

The strengths developed by the cement from burns Nos. 1, 
4, and 5 show clearly that the cement obtained from the flint, 
alumina and limestone give better results than that obtained 
from the clay and limestone, and the latter give better results 
than that obtained from the feldspar and limestone. Appar- 
ently, notwithstanding the temperatures of burning (which dif- 
fered only 10°C) and the appearance of the clinker, burn No. 4 
was properly burned, whereas burn No. 1 was not quite suffi- 
ciently burned, and burn No. 5 was underburned. This is borne 
out by the petrographic analysis and constaney of volume test 
as shown above. However, the strengths of all specimens (ex- 
cept the sand compression) made from the cement containing 3 
percent plaster he comparatively close together. But the results 
from these burns are far from confirming the statement that 
cements of similar composition will have similar physical proper- 
ties, regardless of the nature of the raw materials from which 
they are made, though they do tend towards confirming it. Un- 
doubtedly raw materials of a different composition will require 
different temperatures and different lengths of burning to pro- 
duce equilibrium, but when once equilibrium has been reached, 
it is difficult to see how the same compound can have different 
physical properties. It must be remembered, however, that in 
the rotary kiln equilibrium hag not been attained. <A series of 
burnings in a down draft kiln is now under way, wherein these 
three raw mixes will be burned at the same time at various 
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temperatures. By examining the three clinkers produced at any 
one temperature, it is hoped to be able to gain some idea of the 
difference, if any, between them, and consequently to see at what 
temperature each must be burned to produce an identical ce- 
Bertie 


SUMMARY 


White Portland cement can be readily produced in a rotary 
kiln at a temperature but little above that used for burning or- 
dinary cement. The material so produced has a higher silica 
and lower alumina content than ordinary cement, the lime being 
about the same. 

A lower alumina content than in gray cement is necessary, 
since while it was not shown that high alumina makes very rapid 
setting cement, yet the temperature of softening is materially 
reduced with such increase, and the clinker ‘‘rings up’’ the kiln, 

A high silica content is necessary, since with the already 
low alumina a very high lime content would otherwise result 
with consequent difficulty of reaching a temperature high enough 
to produce a sound cement. 

While approximately 2 percent of sulphate of lime produced 
the best time of set, yet this amount did not produce the best 
strength. Since 3 percent and even 4 percent. produced better 
strength it would seem necessary, if the best strength were 
wanted, to use the higher percentage of plaster and the conse- 
quent quicker setting cement. 

Specimens have been made up which will be tested as late 
as at the end of three years. Consequently some of the remarks 
made above may require later modification. 

Acknowledgements are due to Mr. E. R. Gates for superin- 
tending the making and testing of all specimens, and to Mr. A. 
A. Klein for the petrographic analyses. 


THE VISCOSITY OF SOME SHALES AT FURNACE) 
TEMPERATURES! 


BY G. H. BROWN 


In the burning of building and paving brick molded from 
shales, the viscosity of the material during the vitrification per- 
vod is of importance. <A. shale or clay which retains a relatively 
high viscosity during its vitrification may be more safely burned 
to a low porosity than one whose viscosity during this period of 
the burning is low. Clays of low viscosity produce kiln-marked 
ware when the vitrification period is carried too far. Obviously, 
the kiln marking is most pronounced in the bottoms of down- 
draft kilns, where the ware is subjected to the greatest load. 
Low viscosity is also coincident with rapid vitrification, since the 
rate of the latter is to a large extent governed by this factor. 
On the other hand, a certalim minimum viscosity 1s necessary in . 
order to make vitrification possible, and hence both mits must 
be considered. A comparison of the viscosities of seven typical 
shales used in the manufacture of paving brick and whose be- 
havior during burning was known in a general way was made, 
two of the shales being from Illinois, one from Kansas, three 
from Ohio and one from West Virginia. 


Test Pieces. The shales were tested in tension, the method 
being similar to that used by Bleininger and Teetor in compar- 
ing the viscosity of porcelain bodies. Test pieces eight inches 
in length, approximately one square inch in cross section and 
having the general form of briquettes used for cement testing, 
were prepared by pressing into plaster molds. The test pieces 
were burned to 850°C, before testing. 


Method of. Testing. The samples were burned in a gas 
fired test kiln, the temperature being measured by thermocou- 
ples and a recording galvanometer. For each burn, the furnace 
temperature was increased at the rate of 30° per hour above 
700°C. | 


_ 1By permission of the Director of the Bureau of Standards. 
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The test pieces were suspended vertically from fire clay 
grids, the loads being applied by hanging to the lower ends fire 
clay weights of a size to subject the pieces to a tension of five 
pounds per square inch of the cross sectional area. Reference 
marks four inches apart were made in each piece for the mea- 
surement of shrinkage and elongation. 

Seven burns were made, the finishing temperatures ae: 
respectively’ 1020°,” 650°, -1090%, -L110°,* 1130°>: 1150? = and 
1170°C; 

Deformation versus temperature curves are shown in Fig- 
ure. | | 

A striking difference in the viscosities of the shales with 
progress in vitrification 1s evident. 

Shale No. 1. from Kansas, we know to be a difficult one to 
burn to vitrification in commercial kilns. The viscosity is rap- 
idly lowered with a relatively small temperature increase, and 
care must be exercised in burning to avoid excessive kiln mark- 
“ing and ruined ware. 

Shales Nos. 2 and 3 from Illinois, although maintaining a 
high viscosity over a longer temperature range than does shale 
No. 1, show an abrupt lowering in viscosity at temperatures be- 
tween 1090 and 1100°C. The two shales are very susceptible to 
kiln marking, and the temperature at which the viscosity is sud- 
denly lowered must be avoided. 

A more gradual change in viscosity with temperature in- 
crease 18 Shown by the curves of shales Nos. 4 and 5. From tests 
made in the laboratory and from what is known: of their be- 
havior in commercial kilns, neither of these shales offers serious 
difficulty in burning to vitrification. 

Shales Nos. 6 and 7 show a gradual lowering in viscosity 
with increase of vitrification, and in this respect are admirably 
adapted to burning with safety in commercial kilns. Paving 
blocks of high quality have been made in the laboratory from 
No. 6, while No. 7 is used commercially in the manufacture of 
paving brick. 


Conclusions. As a general rule, a shale or clay maintain- 
ing a high viscosity with progress in vitrification, 1s to be pre- 
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ferred to one which is subject to sudden lowering of viscosity. 
An exception must be made, however, with very siliceous shales 
and clays which are apt to maintain a high viscosity throughout 
their vitrification and at the same time produce a gee of 
inferior strength and toughness. 

Singularly, from the limited number of tests made, the 
Illinois shales appear to be more subject to abrupt changes in 
viscosity than are the Ohio and Eastern shales. From what we 
know of the behavior of the shales of the respective states, this 
difference in behavior appears to be more or less typical. 

A test of this kind is suggested as being of value in the 
testing of shales and clay as to their- suitability for the manu- 
facture of vitrified brick. 


DISCUSSION 


Mr, Karzen: As I understand the term viscosity, I think 
what is meant 1s a short vitrification length. The first shale, 
Mr. Brown had, will burn safely to 1010° and then take a sud- 
den turn. He called it a short viscosity. I do not quite under- 
stand that. I think that the shale becomes more viscous and has 
a tendency to deform. That is what we call a short viscosity. I 
believe he was a little mixed up in these terms, or else I am. 
The shale that he called one with a short viscosity is more vis- 
cous because it has a tendeney to soften up and go down under 
stress. I had such an experience with a shale from Michigan, 
and I think that in most cases a short viscosity 1s due to lime. 
I believe that the first three shales show all the earmarks of a 
high-lime shale. 

Mr. Bleaninger: Viscosity means in this case a certain de- 
oree of softening; but it is not necessarily coincident with vitri- 
fication because, in some eases, you may have vitrification and 
still have high viscosity. The point made by Mr. Karzen is not 
apropos. His conception of viscosity is not the property as us- 
ually understood in physies. 

Mr. Watts: Do you not confuse viscosity and fluidity ? 
High fluidity means low viscosity and vice versa. Not exactly ~ 
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fluidity, but as the expression fluidity is understood generally. 
The two terms are not synonymous. 

Mr. Brown: We use the term viscosity in its physical 
sense, and not in the popular conception of its meaning. 

Mr. Potts: I wish to make a remark of the same character 
as that of Mr. Watts. Viscosity is a property of fluids or liquids. 
Water is a liquid of low viscosity, glass a liquid of high vis- 
cosity. 

Mr. Lovejoy: If we start with a liquid and finish up with 
a solid there will be a decrease in viscosity ; but in testing clays 
we start with a solid and gradually soften it by progressive fus- 
ion, and viscosity increases. 

Mr. Potts: A liquid that flows poorly has a high viscosity, 
and a liquid that flows easily has a low viscosity. 

Mr. Landrum: We measure the viscosity of an enamel by 
the time it takes the enamel, at a certain temperature, to run out 
a hole in the bottom of the crucible. The least viscous enamel 
will run out in a shorter time than the others. 

Mr. Doe: Do I understand that these bars had a weight 
attached to them and that when the curve falls below the zero 
line, the contraction of the bar actually lifted the weight? 

, Mr. Brown: -Yes. 

Mr. Doe: You spoke of viscosity at that stage, and I won- 
dered where the viscosity came in. 

Mr. Brown: The length decreased, and the shrinkage in- 
creased somewhat until we got past a point where the weight 
was sufficient to overcome the shrinkage. 

Mr. Doe: The drop was due to viscosity, and you would 
not have the shrinkage after the curve started to rise? 

Mr. Brown: Yes; somewhere in that neighborhood. 

Mr. Lovejoy: Do I understand that the zero line showed 
shrinkage ? 

Mr. Brown: Yes. 

Mr. Lovejoy: Then this is not what we ordinarily under- 
stand as viscosity. We develop these curves a great deal; and 
at the point where the curve reverses, shrinkage ceases and 
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swelling begins. Our curves are shrinkage curves and bear no 
relation to viscosity. | 

_ Mr. Parmelee: There is a practical test, introduced into 
this country apparently from England, that has been found to 
be of value in testing body mixtures for sanitary ware. A lump 
of the mixture in the plastic condition is batted out to a thick- 
ness of three-eighths of an inch and cut or pressed into a mold 
to make a form similar to that of an hour glass having a length 
of nine inches and a width at the waist or narrowest portion of 
one inch, and three inches for the maximum widths of the ends. 
When dry and ready for burning, the trial piece is laid upon a 
flat tile and equal weights of approximately eighteen pounds 
each are laid upon both ends. After burning, the shrinkage and 
the presence or absence of signs of tearing or breaking at the 
waist are noted. This is a test of viscosity and tensile strength. 


FLUORIDES AS OPACIFIERS 
BY J. B. SHAW, PITTSBURGH, PA. 


In presenting this subject before the Society for discussion, 
the writer makes no pretense to any special knowledge of the 
subject, but on the other hand, freely admits that the object of 
the paper is to learn what others know about the subject. 

Fluorides have been used as opacifiers in glass and enamels 
for many years and very excellent results have been obtained 
by their use, but the writer knows of no case where they have 
been successfully used for making opaque glazes. There are a 
great many places in the ceramic industry where an opaque 
glaze, properly controlled, would mean a great saving and im- 
provement in the ware. The writer believes, if the action of 
fluorides was properly understood, that they would be the cheap- 
est and most effective opacifiers we have for glasses, glazes and 
enamels. | 

There have been a great. many theories advanced as to the 
action of fluorides in silicate fusions, among which might be 
mentioned the following: 


1. The opacity is produced by silicon fluoride gas, SiF,, ° 
which goes into solution in the glass when hot. and is precipi- 
tated out and held in suspension when the glass cools. 

2. The opacity is caused by SiF,, not by the gas in itself, 
but by some characteristic crystalline structure which the glass 
is caused to assume by the SiF,. 

3. Opacity is caused by the formation of sodium-silico- 
fluoride, Na,SiF’,. 

4. Opacity is due to precipitation of Al,F,. In Dingler’s 
Polytechnic Journal, 1885, Weinreb states that alumina and 
_finorine are both essential in producing opacity with fluorides. 

5. Opacity is due to precipitation of alumina, Al,O,, all F 
being evolved as Sif’,. 

The writer has knowledge of opaque glass having been 
made with fluorides in absence of any Al,O, except what might 
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have been present as impurity in some of the raw materials, in 
which ease, if present at all, it was in an insignificant amount. 

In the face of such a diversity of opinion one is led to be- 
heve that fluorides act quite differently in different glass batches. 
It, is a well-known fact that different heat treatment will greatly 
modify the result produced with any given fluoride batch. 

The object of this paper is to show the lack of absolute 
knowledge of the action of fluorides, to stimulate a discussion of 
the subject and bring to ight what is now known and encourage 
research in the future. 

The only reason fluorides are not more extensively used is 
because they are not understood. A few questions are here 
asked, the answers to which would throw considerable ight upon 
the subject: 

1. In opaque fluoride glasses, is the ultimate: composition 
of the opacifying material always the same or does it differ in 
different mixtures or in the same mixture with different heat 
treatment? What is it? : 

2. Is Al,O, an essential ingredient of the batch in order to 
produce opacity from fluorine? | 

3. What is the gas evolved from fluorine glasses, 1. e., does 
the fluorine come off as F or SiF,, or both? 

4+. How does the fluoride affect the glaze or enamel as re- 
cards crazing and shivering? 

5. In what form should the fluorine be added in order to 
obtain the greatest opacity with a given addition to the batch, 
i. e., is more F lost when it is added as eryolite than when it is 
added as sodium fluoride or fluorspar, or vice versa? 


DISCUSSION 


Mr. Landrum: Mr. Shaw’s paper is really a discussion 
rather than a paper. It contains not only a splendid outline in 
research work in that line, but also a carefully compiled lst of 
questions in regard to things that we enamelers—and I imagine 
olassmakers also—would like to know. A paper to cover this 
subject would be a lengthy one and would require a great deal 
of experimentation. Men engaged in college work could not find 
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a better place for suggestions along this line than in this paper. 
I should like at some future time to write a paper on this sub- 
ject and answer some of the questions that come from the work 
I have already done. 

Prof. Silverman: I agree with Mr. Landrum that it is a 
subject for careful consideration. There are a number of points 
in it that I have already covered. Alumina is not necessary for 
the production of opacity in glass. Fluorine may or may not 
be present. The degree of opacity is dependent upon the com- 
bination of materials and types of material present. I am sorry 
that my researches are not complete and ready for publication, 
but I think that they will cover a great many points that were 
brought out in the form of questions in Mr. Shaw’s paper—not 
only from the chemical aspect but historically as well. 

Mr. Landrum: One point that might be of interest, has, I 
suppose, been covered in the researches just mentioned. I have 
examined all these opaque enamels—containing tin or eryolite— 
and have found under a high power microscope that they con- 
tain a mass of very fine bubbles. The finer the bubbles the 
greater is the opacity. I have made no effort. to explain this, but 
several answers suggest themselves. 

Prof. Silverman: I do not want to prolong the discussion ; 
but I believe in many cases clouding is due to the formation of 
blisters or bubbles. In other cases, it is not due to this cause. 
There are some specimens that I have examined in which pre- 
vipitation was responsible for the condition. 


INDUSTRIAL CO-OPERATION IN CERAMICS AT 
THE IOWA STATE COLLEGE 


BY SAMOS Po POTTS 


At the State College, at Ames, Iowa, we have had, for the 
last five or six years, a ceramic course. I gave you a little talk 
about it last year, and mentioned that the students were a scarce 
article. Well, we have come to consider that a blessing, for last 
year the largest manufacturer of clay products in the state re- 
quested us to send one or more men to his factory, so as to go 
over the methods of manufacture in detail, and tell how to im- 
prove the quality of the product and cut down its cost. Not 
having any students, I went, and the experience has been of 
immense value to me, and of some value, I hope, to them. In 
fact, the rumors that have come to me have been quite compli- 
mentary. 

Now this has opened up a new line of work, to my notion, 
and we have been seriously considering the proposition of mak- 
ing it a principal function of our department at Ames. To go 
out. and educate the manufacturers and improve their methods 
of manufacture and improve their product, rather than sit in 
our offices and wait for them to send their friends or their sons 
to us to be educated. Five or ten years hence, this will produce 
the same results. Indeed, I think that they all admit that for 
quick results, the method of industrial co-operation is the method 
to use. 

When you come to consider the cost, you may think that it 
is prohibitive; but we turned out a graduate last year who cost 
the state something like twenty-five hundred dollars for his sen- 
ior year’s education; and this year we are educating at least four 
superintendents, one general superintendent, and as many men 
aS Wwe can come in contact with through talks, or conversation, 
as we can get it, at considerably less expense to the state. ‘The 
concerns that are having the work done are paying the cost of 
the work. The college or the state is paying the salary of the 
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man on the job; so that, actually, it is not an expensive method 
of educating the clay workers of the State of lowa—that is, from 
the standpoint of the state at large. The manufacturer gets what 
he pays for. The state is spreading the information that is de- 
sirable; so that, from that point of view, we consider that it is 
a successful move and an advisable one. 

We have made many mistakes, but who does not, when 
starting out on a comparatively new line of attack. We hope, 
eventually, to get the matter standardized, so that we can do the 
work at considerably less cost to the state; by being able to take 
on more than four or five factories in a year, and by being able 
to cut down the time necessary for these investigations. At the 
same time, we will cut down the cost to the manufacturer to 
have the work done, by cutting down the time and, hence, cutting 
down the amount that he shall pay so that, in time,—and it will 
not take so many years, at the rate at which we have been going— 
our work will be of the same grade of efficiency that we are try- 
ing to instill into the manufacturer regarding his-work, and its 
cost not at all prohibitive to him or to the state. 

There are two complications that may arise—one, in parti- 
cular. Suppose that some man trained in this work should enter 
the state and establish an office as a consulting engineer? We 
should then be competing with him on a basis that he could not 
meet at all. If that. situation should arise, we shall have to 
adopt another method of handling the work. We might charge 
the manufacturer the man’s salary, as well as his expenses, so 
as not to compete with an engineer who should come in to do 
business in a consulting capacity ; but until that condition arises, 
we feel justified in going ahead as in the past. 

Another condition that might arise is that if we get stu- 
dents, we shall ‘have to stay and teach them, and not go out; but 
that difficulty can be met by employing enough assistants to 
earry on the work. 

To give an idea of the work that we have dione, I would say, 
in the first place, that we went at it in the wrong way. We 
undertook to go over the whole proposition at once, and then 
write up a report at the end of our investigation, telling what 
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we had found, and making recommendations for improvement. 
From a scholastic standpoint, that is alright, but from a practi- 
eal one, it is all wrong. When we have to do it over,—and, in 
fact, now.—we will go at one particular phase of the subject at 
a time. In taking a general survey, if the trouble seems to be 
with burning, we will take up the question of the burning, get 
that systematized correctly, and report on it; getting our report 
to the company quickly, so that they can fix this trouble and not 
get discouraged from waiting so long to carry it out. Whatever 
the trouble is, we shall attack one problem at a time and settle 
it, and then go on to the next one. That is the plan that we are 
to work on in the future; and if any of you have such a propo- | 
sition come up, I advise you against trying to do the whole thing 
at once. It will prove discouraging. You get a great mass of 
data, and it is hopeless to try to write up a satisfactory report. 
The company gets tired waiting for it; and when it does come, 
it is more or less stale; because they may have talked the matter 
over; and by the time the report comes along, most of the errors 
have been corrected, and the report is not. of very much value. 

I have outlined the movement and explained, in a general 
way, the method of operation. 


DISCUSSION 


Prof. Orton: JY want to ask a question. Do I understand 
that you now tax the firms for whom you work with a propor- 
tionate share of your expenses? 

Mr. Potts: All my expenses are paid by them; and my ae 
ary 1s paid by the state, just as if I were fovaniaee in the class- 
room. The firm pays my expenses when away from the college. 

Prof. Orton: Then, in effect, the state is furnishing a high 
quality of expert service for the benefit of the individual manu- 
facturer ? 

Mr. Potts: Yes; but we have the privilege of publishing 
all the results that we obtain. Any information that we obtain, 
we ean publish for the benefit of the state. 

Prof. Orton: JT am greatly interested in this paper of Mr. 
Potts’. I saw him two or three weeks ago, and, in a hasty con- 
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versation with him, I learned enough of the plan to know that 
it would be of interest here. I should think that the situation 
disclosed in Iowa would be difficult. to adapt to states that are 
not so far West. These Western communities have a much more 
plastic frame of mind on all such questions as the relation of the 
university to manufacturers, and everything of that sort, than 
have those in the more Eastern states; and they are more willing 
to try experiments and adopt new notions. If we were to try in 
Ohio, for instance, the plan of sending instructors from the uni- 
versity to advise each plant as to its particular difficulty, and 
keep men there for any length of time, there would shortly, I 
fear, be a big outery raised in the legislature against what they 
would call paternalism. I am not. stating that I think it is im- 
proper for the state to do this, but merely that it would be diffi- 
cult to get the public in the eastern part of the country, where 
the communities have become pretty settled and mature in their 
ways, to see that this should be done. It is easier to do it in 
the West, where they are younger and still willing to try any 
experiment in governmental method that comes along. 

Mr. Joseph Keele: I just want to add a word of apprecia- 
tion of the work that Mr. Potts thas been doing in Iowa, and I 
think that in many instances 1t could be applied to the problems 
in Canada, whiere some kind of supervision seems warranted. 
Then, as to whit Professor Orton has said about the conditions 
in the Eastern states, I think that we should have no such diffi- 
culty in the Eastern Provinees of Canada. They would be glad 
of any assistance that the Government ordered, Provincial or 
Federal, for the company. For instance, in the Province of Que- 
bee, we wanted to emphasize the necessity for the production of 
drain tile. There is not one, at present, made in the province; 
and we shall sooner or later have to have some one, under either 
Federal or Provincial auspices to educate the people in making 
them, after they have been taught the necessity of using them. I 
am much interested in the work of Mr. Potts in Towa, and glad 
that a movement in this direction has been made in other com- 
munities. 

Mr. Potts: In discussing this proposition of state aid to 
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manufacturers, I might bring up the fact that the people of 
Towa and of other Western states with whom I have talked feel 
that the university belongs to them and ought to be doing some- 
thing for them. Because they take this attitude, we are per- 
mitted to do this work. They are voting money and paying 
taxes, and they want some return. The Agricultural College 
has been doing such work for years, beside sending out trains and 

holding institutes all over the state. | 


THE PRESENT STATUS OF THE PRODUCER GAS 
FIRED CONTINUOUS KILN IN AMERICA 


BY R. H. M’ELROY AND G. R. MUMMA 


Much interest is manifested throughout the country in the 
use of producer gas as a firing agent, in fact, several papers have 
been read before the Society on the subject. Some have been 
favorable to the American present day system, others have found 
much fault. All have been a compilation of data giving the 
writer’s experience on one or two kilns, none have given the 
veneral status of the system throughout the continent. 

Data taken from actual working conditions will rebut a few 
statements made before this Society. 

We have no very definite records as to the advent of pro- 
ducer gas in the clay industry on this continent. Several ex- 
periments were made along the middle of the last century with 
both continuous and periodical kilns, but no great success was 
obtained. Soon after that, a decorating kiln was operated with 
more or less success, but not until the last quarter of the century 
was producer gas commercially and successfully adapted to the 
continuous system. Tihe failures of the early experiments were 
due to a variety of causes, but were mainly due to neglect to 
take into account the fact that conditions of American manufac- 
ture are different from those of continental Europe. ; 

The successful adoption of this type of kiln to American 
manufacture is due to the untiring efforts of the late P. L. 
Youngren. Thirty-six of these kilns are in actual operation, four 
of which are semi-continuous. Four more are building, three 
are idle, due to financial failure of companies operating them, 
and one has been dismantled after a good period of operation, 
so that about. 90 percent of the kilns installed are now burning 
ware. 

Two general types of kiln have been evolved; the tunnel 
as illustrated in Fig. 1, and the compartment as in Fig. 2. The 
tunnel variety is very similar in general construction to the coal- 
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fired tunnel continuous kiln with the exception of changes in 
minor details. The producer gas fired tunnel kiln has been built 
enbloe with no central court, and carries the flues between the 
two tunnels. It differs from other tunnel kilns in having a 
watersmoking system as a part of its standard equipment. Why 
this has never been generally used in American coal fired kilns, 
we do not know. With most kilns of the tunnel type, the parti- 
tions between the sections are temporarily built of the green 
ware itself, flues in the ware being so arranged with the help of 
the drop arches, to cause up and down travel of the fire. The 
sections have so far been built in two general sizes—a 16 ft. 
wide, 10 ft. crown, 18 ft. length type, holding about 30,000 av- 
erage sized brick to the section, and a larger, 20 ft. width, 11 ft. 
crown, 18 ft. length, holding about 40,000 to the section, exper- 
ience having indicated that sections longer than 18 ft. can only 
be used at the expense of uniformity of burn. The tunnel type 
of kiln, so far, has been solely used in the burning of building 
brick and allied cheaper products; if anything, it burns a builder 
with several percent less coal than an equal capacity compart- 
ment kiln. Our only explanation of this phenomenon is that 
there are less walls to ‘heat up in the tunnel type. 

The burning capacity of the tunnel type depends to a great 
extent on the material to be burned, on its finishing temperature, 
its ability in heating up and cooling, ete. Tio finish a section of 
the large 40,000 type in 24 hours of fire, about 18 to 20 sections 
are generally required for the average surface material, which 
material will finish in the neighborhood. of 1800 to 1850°. Where 
a higher temperature is required, or a tenderer clay is used, 22. 
sections in such cases may be necessary. With an easy burning 
clay finishing near the above temperature, 16 sections are often 
sufficient, and by increasing on such material, the number of 
sections to 20 or 22, each section can be burned off in from 18 to 
20 hours, giving a capacity of 50,000 and over per 24 hours. 

Some idea as to the general construction of the tunnel type 
kiln can be obtained by an examination of Fig. 1. 

Owing to the larger number of installations of the compart- 
ment type, the kilm has been mainly known through this type. 
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Three general varieties have been evolved. The earliest was the 
back to back variety, resembling the tunnel kiln, being built en- 
bloe, that is, the draft flues being placed between the two rows 
of compartments. In this type, of course, the chambers could 
be entered only from one end. Then came the single battery 
type, placing the chambers in one straight row. Several semi- 
continuous kilns ranging from 8 to 10 chambers were installed 
in this manner. From this was evolved the double battery type 
with a court between, and nearly all of the late year installa- 
tious have been so made. Figure 2 illustrates this. For the 
majority of new yards not. cramped for room, this has proven to 
be the most effective. The chambers are all filled from the cen- 
tral court and emptied from the two extreme outsides, thereby 
removing any danger of conflict between the setting and empty- 
ing gangs. ‘T’he enbloce or back to back type is a little cheaper to 
build on account of the less number of walls, and tends to save 
a little fuel over the other types, owing to its compactness. The 
single battery installation is very handy in operation, but we 
would not. generally recommend it, except for those cases where 
the topography of the plant site and crowded conditions justify 
i. 

Its one disadvantage, as compared with the other two, arises 
from the extreme length of the return heat flue, which in a 16 
chamber variety returns the waste heat from No. 16 to No. 1. 

The compartment kiln is used for the burning of practically 
all the commoner forms of clay ware, building brick, hollow- 
ware, face brick, flashed ware, paving block, drain tile, ete. It 
has a separate and distinct place as compared with the tunnel 
kiln, and should be and now is advocated for only the better 
forms of ware, also drain tile which does not readily lend itself 
to burning in the tunnel kilns. 

As with the advent of all new departures in industrial lines, 
the evolution of the kiln has been necessarily slow. Mistakes 


have been made, disappointments have been met with, but slowly 


and surely, it has gained momentum from year to year. The 
early troubles were varied, many of which we will enumerate. 
There was lack of preliminary investigation of clays; a tendency 
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to install a more or less general type for all cases; too small a 
number of chambers or sections; a tendency to construct the 
kiln of poor material; the use of producers that rapidly became 
inefficient and deteriorated quickly; the use of no controlling 
instruments; the inability to make the average brick maker who 
operated a kiln recognize that he had a high class instrument and 
that it must be treated as such. The main cause of trouble was 
the general lack of knowledge of how a kiln should be built and 
operated, as well as the inability to find experienced operators. 
Experience therefore gained through early mistakes has been 
the cause of putting the kiln on the plane now reached. 

A couple of years ago, Richardson presented a paper before 
this Society detailing his experience in the operation of a semi- 
continuous compartment kiln. There is no better way in our 
opinion to show the wonderful improvement made in the last 
several years than to discuss the various difficulties he encoun- 
tered. 


The Producer. The first. producer as used, in fact, the only 
one up to 1909, was of the rectangular suction type with mud 
seal, The walls were of brick and not steel jacketed. The con- 
stant expansion and contraction soon started many leaks in these 
walls unless they were taken care of properly. The air admitted 
burnt the gas in the producers causing them to run hot, cracking 
the gas as it emerged from the producers, causing much of the 
soot troubles he speaks of with this type. The only control over 
the flow of gas was the suction of a fan; the regulation of the 
flow of air and gas could not be separated. No apparatus was 
used as a guide to the performance of the producers. 

_ For the last-few years, a pressure producer of approved de- . 
sign according to Fig. 3, has been used instead in most cases. It 
is of the watersealed type, makes a richer gas, gives little chance 
of leakage, and allows the flow of the gas into the kiln under 
pressure. The old type of four-hopper producer, was practically 
four producers in one. In case a hole developed in the fuel bed 
in one end, it tended to burn the gas over the entire area, but 
with a water sealed, six-foot producer, a bad condition of fuel 
bed in one producer affects the gas from that. producer alone. 
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The average of the gas, therefore, from all producers in such a 
case, is only that much below the average in quality as the one 
bad working producer affects it. 

Experience has shown that the best temperature to take the 
gas from the producer is about 850°F. The necks of the new 
type of producer has been fitted) with base couple pyrometers so 
that the temperature can be kept constant. Running at too low 
a temperature gives a surplus of tar; at too high a temperature 
tends to erack the gas, forming soot—besides burning the gas in 
the producer. Controlling the steam pressure accurately on the 
fuel bed and the temperature of the flowing gas eliminates a 
great part of the tar and soot, giving better results. It was 
necessary for Richardson to burn out about every round. With 
the new producers and pyrometers, the later kilns only have to 
be burnt out every several rounds. Again, a separate burn-out 
flue and stack have been added which facilitates the operation 
and cuts down thé loss of sensible heat to.a minimum. Fusible 
high ash coals are bound to give trouble even in the water sealed 
producer; and although the gas kiln can use fuels that a direct 
fired kiln cannot, we agree with Richardson in advising the use 
of the best coal that can be obtained. It gives less trouble in 
gasification, requires less producer area, and reduces the labor 
of firing. 


Tendency of Gas Downtakes to Choke. The end down- 
takes in the old type were vertical, but many of the intervening 
downtakes were branching, several from, one valve. All down- 
takes now are vertical, each being controlled by a separate valve, 
which gives a better control to the admission of gas along the 
bag wall and entirely eliminates the trouble as experienced by 
Richardson. 


The Cracking of Gas Flues. The distributing flue as shown 
on Fig. 2, until recent years, was placed’ rather low between the 
crowns. The rise and fall of the crown, also the expansion and 
contraction of this flue tended to crack it, allowing the gas to 
escape through the kiln crowns. The flue is now being set high- 
er; is self-contained on the dividing wall, and is built heavier. 
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Tongue and groove brick further eliminate leaks, and as a false 
arch is now placed over the fire brick crown arch to take the 
weight of filling, most of this trouble is done away with. 


The Number of Chambers. It is impossible to operate 
continuously on 8 to 10 chambers. Some clays can be handled 
fairly well with 12, but it is best to have more, in fact, the mini- 
mum number now being generally installed for the best burning 
clay is 16: Say, one chamber burning, five behind the fire, five 
ahead of the fire, one ahead watersmoking, two emptying, two 
filling and one extra to go on. In most cases 18 are now in- 
stalled. The larger number of chambers, the less time the gas 
need be on: each one, the point being to get as near as possible 
the finishing of one chamber every 24 hours. Quite a number of 
the later day kilns are now doing it regularly in from 28 to 30 
hours, several in 24 hours, and a couple of tunnel kilns in 18 
hours, some few in 48 hours. 


Getting a Good Burn on the First Chamber. Trouble in 
this respect only occurs in the single battery type. Auxiliary 
furnaces have been installed at the extreme end in such cases. 
We know, however, of one 15 chamber single battery kiln which 
is operated in such an excellent, manner that these furnaces are 
not used. The enbloc and double battery with court type is free 
from any annoyance of this kind. 


The stack with the kiln is a thing of the past. The fan has 
superceded it entirely, giving more efficient service and greater 
uniformity from day to day. The steel vaned fan was entirely 
used up to several years ago. Since then copper vaned fans have 
been made a standard, as they hold out much better with high 
sulphur coal. Extreme cases of sulphur in the kiln gases have 
required either the installation of lead coated fans or the draw- 
ing off of the watersmoke and combustion gases through separate 
flues. Complete registering and recording pyrometers have been 
made an: essential part of the equipment on all kilns, so that the 
control of the present day kiln is almost absolute. To illustrate 
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this, Fig. 4 is here introduced. The record is dated November 
20, 1913, and was taken from a Canadian kiln. This chamber 
was held for 24 hours through a shut-down in the manufacturing 
department, and the temperature was kept practically uniform 
for that period. | | 

Last year before the Society, a paper on the producer gas 
fired continuous kiln was presented by Geijsbeek. He started 
his paper with the following statement: ‘‘It cannot be said in 
favor of the American producer gas fired continuous kilns that 
they have been a great success so far.’’ This statement needs no 
discussion. The many users of the American producer gas fired 
eontinuous kiln are a rebuttal themselves. Thwo plants alone 
have installed three each, one kiln rapidly following the other, 
two have duplicated single installations, and one of the largest 
plants on the continent installed three at one time. 

He further states ‘‘They (referring to the American sys- 
tem) are designed principally to use waste gases from the burn- 
ing chambers to heat up the next chambers ahead of the fires 
and dio not make any provision to regenerate or recuperate the 
air to be mixed with the producer gas.’’? We emphatically dis- 
agree with him. Whiat more ideal system could be obtained for 
the preheating of the air of combustion than to draw it through 
the cooling chambers. Heat the air to within a few hundred de- 
grees of the temperature of the burning chamber and at the 
same time cool the chambers in uniform regularity. 

Along a little further he says, ‘‘If there is a httle draft in 
the first chamber behind the fire, there can be very little 
movement of the air and consequently only very little air can 
- be available for the combustion of the gases in the burning 
chamber. We find, therefore, a lack of proper combustion.’’ 
This is the first time that we have ever heard these charges 
made. Those who have had experience with the producer gas 
fired kiln have seen the flame leap from the bag walls and lick 
the crown, with only 2 inches of draft at the fan. If there were 
not sufficient air for combustion, the condition of the burning 
chamber would be reducing instead of oxidizing. If such were 
the case, how do you account for the ability to put the gas in 
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two consecutive chambers at. the same time without the addition 
of any outside air whatever? Even them the chamber farthest 
from the air supply burns oxidizing. How could we raise the 
temperature of a burning chamber from 1350 to 1750°F. in 25 
hours, as shown on Fig. 5, which record was taken December 1, 
. 1913, if we had lack of air of combustion? 
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He further criticises the admission of the gas from the top 
(Fig. 2) instead of through the bottom flues, as is the German 
practice. The average chamber of the American kiln is from 
15 to 60 ft. longer than those of European kilns. How will the 
underground distribution be made in long chambers? Can this 
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method be adapted to American manufacture? Will it be suc- 
cessful? We, ourselves, are skeptical. 

He further states, ‘‘The principle as practiced in this coun- 
try to design and build a continuous kiln which will answer for 
all purposes and all kinds of clay products, for all local condi- 
tions and all different classes of fuel is not approved in foreign 
countries.’’ Neither is it in this country. It is a fact that in 
the eary development of the kiln, this was too often practiced, 
but profiting by the experiences of our predecessors, we started 
the design of special chambers, sections, ete., for the burning of 
the different kinds of ware. To-day and for several years back, 
no kiln, to our knowledge, has been installed without an investi- 
gation of local conditions, the material, fuel, etc. Mistakes have 
been made, are now made and always will be made, but they are 
getting fewer each year. The material to be burned: determines 
the width of the chamber, the height of crown, the length of the 
chamber and the number of chambers. The topography of the 
ground and local conditions determines the type of kiln, whether 
its flues should be overhead or underground. All of this, where 
possible, is carefully looked into. The fuel is considered. Will 
it work in the regular producer? What grate area is required? 
How many producers will be needed? (One extra one always 
being provided.) The older kilns were installed with one fan. 
Now a reserve one is always provided, and in some cases three 
have beem supplied. 

Why is the producer gas fired continuous kiln desirable for 
the clayworker? The points to be discussed are: first, saving 
in fuel; second, saving in labor; third, facility of handling; 
- fourth, uniformity of results; fifth, elasticity of operation. 


Saving in Fuel. It has, indeed, been a hard proposition to 
educate the average clayworker to keep accurate tabulation on 
the quantity of fuel used in the kiln. The data that has been 
gathered shows a saving over periodical kilns of from 50 to 75 
percent, the exact. percentage depending on local conditions in 
manufacture, conditions of kilns where comparisons were made, 
etc. A compilation of results from four representative plants 
burning building brick in periodical kilns, temperature averag- 
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ing near 1850°F., average burnt. weight 5.6 pounds, shows a fuel 
consumption of 950 pounds to the thousand brick. At the same 
time an average struck from the operation of three tunnel pro- 
ducer gas fired kilns burning for all practical purposes under 
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the same conditions, shows 298 pounds to the thousand, the sav- 
ing of this particular compilation being 68.7 percent. 
Richardson, in his paper, comparing a 10 chamber kiln 
burning face brick with down draft kilns on the same yard, 
gives 50 percent in his particular case. 
Allow us to present here, data gathered from the operation 
of an. 18 chamber kiln near Toronto, Canada. 
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Material Used: Gray burning glacial drift—caleareous; red 
burning weathered top glacial and flood plain deposi ane: 

Coal: Yohoghany three-quarter lump with slack and nut. 
Cost $4 per ton delivered. 

Draft Gauge: Ohio make. 

Pyrometers: Recording and registering. Temperature of 
gas in producer necks 850 to 900°F. Color of gas, bluish gray 
with yellow sheen. 

- Producers: Three in number; type, 6 ft. water sealed. 

Product: Stock brick, green size 9 in. by 4 in., burnt size, 
834 in. by 3% 1in., burnt weight 514 ae Ghewnber holding 
capacity, 58,000. 

Steam Pressure: On the producer fuel bed, 60 pounds. 

Draft: Chamber ahead of fire on admission of gas, .5 in., 
at finish, 0 in. Three chambers ahead of the fire on admission 
of gas, 2 in., at finish, 114 in. Burning chamber at finish 
‘‘minus’’ draft. 

Vitrification Range: About 25°F. 

Condition of Brick Burnt: All hard but not vitrified. 

Fuel Consumption: 285 pounds per thousand brick. 

Time of Burning: 2534 hours. Chamber burned No. 6, 
eontaining red stock. Gas flues burnt out before starting fire 
on chamber. 

Record of Burn: Shown on Fig. 6. 

Date of burn, November 26, 1913. 

Salable brick, 99 percent—face brick, 85 aie building 

brick, 14 percent. 


Saving in Labor. What constitutes the greatest labor in 
burning? It is the handling and movement of the fuel from 
place to place. The entire amount of fuel in the producer gas 
fired kiln is fed into the producers. These producers are segre- 
gated, therefore, the coal and ash are highly centralized, one 
bin above the producer sufficing for the coal supply. The coal 
can be dumped from the cars automatically and moved by suit- 
able conveyors to the bins above the producers. From the bins, 
the fuel is readily fed into the hoppers, and it is only a question 
of time until the feeding of the hoppers will be automatic. Can 


PRODUCER GAS FIRED CONTINUOUS KILN 599 


anyone Imagine a more economical system of handling fuel? 
The ash, of course, is in small proportion to the fuel burned. 
It is damp and easily handled, a conveyor or elevator being 
most adaptable to its removal. Kilns, therefore, up to 70,000 to 
80,000 capacity are being daily handled by two men on each 
shift. We might add here that the segregation of coal and ash 
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promotes cleanliness around a yard, comparing very favorably 
with natural gas firing in this one respect. 

Facility of Handling. The industrial world is recognizing 
that greater facility and economy of operation is obtained 
through mechanical means. Wherever the human agency can 
be reduced to the minimum, the more uniform the results ob- 
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tained. The producer gas fired continuous kiln as compared 
with other kilns is to a thigh degree mechanical. <A certain 
amount of coal is fed into the producers at certain intervals. 
The pressure of the gas flowing into the kiln is a direct function 
of the steam pressure on the fuel bed and the speed of the fan. 
The amount of draft or the speed of the advance of the fire is 
controlled by mechanical means—a fan, and is, therefore, a mat- 
ter of a certain number of revolutions per minute. Gas is ad- 
mitted to the burning chamber by suitable valves operated from 
an advantageous position. The adaption to the kiln of record- 
ing permanent pyrometers in each chamber as well as producers, 
has furnished excellent control. 


Uniformity of Results. The greater the percentage of Al 
ware of whatever kind, the greater the profit on a given invest- 
ment. <A kiln that would burn all hard brick would be the 
ideal, but this is as yet an impossibility. If the average down- 
draft kiln produces 80 percent Al paving block it is an excep- 
tion and: not the rule, in fact, we in no ease have seen an ordi- 
nary down-draft kiln burn over 85 percent Al paving block as 
an average the year around, but we do know of a producer gas 
fired kiln in [liniois that does average near 90 percent, and quite 
a number of chambers have been burned off averaging as high 
as 97 percent Al block to the chamber. Now, this is a record 
that will, mdeed, be very hard to equal. Further, a compart- 
ment kiln of the produeer gas fired type near Knoxville, Tenn., 
burns chamber after chamber of red’ face and building brick 
practically all hard, in fact, averaging, they state, about 95 per- 
cent No. 1’s the year around. Richardson im his article two 
years ago, after recrting his experience with a 10 chamber type 
kiln, states, ‘‘This type of kiln is the best that I have ever used 
for the burning of face brick (not flashed). 

There is a plant in Ohio’s Hocking Valley near the one 
Richardson referred to, where two producer gas fired continuous 
kilns are burning a brand of flashed face brick of the rough tex- 
ture variety. All the brick are set on the flat for best flashing. 
We had cause several weeks ago to look over these kilns. We 
examined several different chambers, in one ease took a brick 
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from: the next to the top course and one from the next to the bot- 
tom. The shrinkage was practically the same, the color of the 
bottom being only a shade lighter. The uniformity of burn 
now obtained there is indeed remarkable, as is the uniformity in 
eolor and the number of Al brick. The results as obtained in the 
burning of face brick in this particular instance and in the in- 
stance mentioned by Richardson in his article, are without doubt 
‘the best that: we have ever seen. 

The producer gas fired continuous kiln is capable of such 
results in uniformity of action because first, gas and air are 
capable of most intimate association; second, the operation of 
the kiln is as near as possible mechanical; third, the continuous 
system is regular in procedure; fourth, the compartment kiln 
lends itself very readily to the best type of flue system. Let us 
not forget for one instant the use of watersmoking device, Fig- 
ure 2. | 

The chambers or sections just set are watersmoked by means 
of pure hot air drawn from the cooling chambers. The combus- 
tion gases are not allowed to bathe the ware in those sections un- 
til the temperature has reached the point where danger of scum- 
ming from sulphur is eliminated. The uniformity of operation 
of the continuous system, its regularity in heating up and cool- 
ing, is well fitted for tender clay burning. An Arkansas manu- 
facturer advised: us several weeks ago that their saving in check- 
ing since the installation of a gas fired continuous kiln pays for 
the fuel used in the kiln. It must also be remembered that the 
ware taken from the chambers or sections of a gas fired kiln is 
always clean, and this cannot be saidi for the top coal fired con- 
tinuous kiln and many types of periodical kilns. 


Elasticity in Operation. The natural condition of continu- 
ous kiln burning is oxidizing. It tends to produce the normal 
ferric color in a clay. To our knowledge it is almost. impossible 
in a coal fired continuous kiln to commercially reduce or flash the 
ware. In the gas fired kiln, the atmosphere can be almost 
instantly changed from highly oxidizing to highly reducing, 
this making possible the burning of high grade flashed products. 
Unless attention is paid to alternate reduction and oxidation in 
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the burning of cream colored calcareous clays, they will show a 
pinkish tinge, the value of the gas fired kiln over the coal fired 
one, in this respect, being forcibly shown on one yard in Mil- 
waukee, Wis., which possesses both a coal fired and a gas fired 
kiln. Besides it is practically impossible in the ordinary period- 
ical kiln to burn under a purely oxidizing atmosphere at temper- 
atures in excess of 2200°F. As yet we have not gone much higher 
than this temperature in the States, but we know that oxidizing’ 
conditions can be retained at much higher temperatures. In or- 
dinary kilrs, with clays, especially fire clays containing conere- 
tionary iron, or pyrites, the tendency is for the iron to black 
speck the ware through alternate reduction and oxidation. The 
regular oxidizing condition of a gas kiln eliminates this trouble. 

There are many other pomts that we might take up, but 
these we will defer for some future paper. The gas fired kiln 
has come to stay. Every day it is becoming more and more fool- 
proof. There are some conditions of manufacture that prohibit 
its use and always will, but we believe our experience has shown 
us that where its installation is feasible, it will burn better ware 
at. less cost with less chance of trouble than any other type of 
kiln. 


DISCUSSION 


Mr. Roachardson: In this paper we have no account of any 
new invention, but a discussion of statements made in two pre- 
_ vious papers before the Society and brief data of results ob- 
tained in the burning of a single chamber of some kiln by some- 
one in Canada. 


Gas Producer. The gas producer now used by Raymond is 
undoubtedly superior to the old Youngren producer I described 
in my paper (Vol. XIV), but nothing new is claimed for it, and 
it is not the invention of the authors nor of their employers, nor 
have they any exclusive rights of manufacture or sale of such 
producer. There are several good producers on the market in 
this country. most of them what are known as ‘‘mechanical’’ 
producers, that is, such as have coal distribution and ash remov- 
ing devices operated automatically by power. The selection of 
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a gas producer for any specific purpose or conditions is not an 
easy problem, especially if the investment must be limited. 


Gas Distributing Flues. If the partition walls between 
chambers are built heavy enough—4 or 5 feet thick—the gas dis- 
tributing flue can, as the authors state, be self-contained and if 
built, as they say, of tongue and groove brick, with a false arch 
to take the weight of the filling probably such flue will not give 
trouble from leakage. But what about the long downtakes lead- 
ing down from this flue through the partition walls? A good 
part of the trouble of leakage comes from the cracking of the 
walls of these downtakes. Also, what about the cost of building 
such distributing fives. 


Number of Chambers. The authors state that 16 to 18 
chambers are now installed. This may be practical with a clay 
maturing quickly at low temperature so that the ware can be 
burned with 24 hours’ firing. The face brick that we are pro- 
ducing at Shawnee cannot be properly burned with 24 hours’ 
firing. ‘Therefore, we allow 48 hours for burning and hence 
can take two days for filling a chamber and two days for empty- 
ing, so that twelve chambers would answer very well, operated 
as follows: one filling, one emptying, four back of the fire, one 
under fire, three ahead of the fire heating up and two water- 
smoking. If I were to add one more chamber I would use five 
instead of four chambers between the one under fire and the one 
being emptied. I would not care to pull the combusted gases 
through five chambers ahead of the fire. The saving is not so 
much in this direction, and) there is danger of discolored ware. 


Burning First Chamber of Single Battery Kiln. The re- 
markable statement is made that ‘‘We know of one 15 chamber 
single battery kiln that is operated in such an excellent manner 
that starting furnaces are not used.’’ Supposing that. the 
chambers are 16 feet wide and the partition walls 3 feet thick, 
this means that the return flue would be about 300 feet long and 
that the hot gases from the burning chamber would have not 
only to heat up the brick in 3 to 5 chambers ahead of the fire, 
but would have to heat up a flue 300 feet long, and the combus- 
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tion chamber of No. 1 at the end of this long flue would have 
to be heated to a low incandescence so. as to ignite the gas and 
maintain combustion. I am not charging a misstatement of fact, 
but such a fact is so wonderful and unbelievable from theoreti- 
eal considerations that it should: be given the publicity of our 
Transactions. The authors should state where this is being done 
and under what peculiar conditions. 


Hot Air for Combustion of Gas. The criticism of Geijs- 
beek’s paper is probably due in part to a misunderstanding of 
his statements, but the authors are correct in stating that with 
proper draft control there is no lack of air for combustion and 
that the gas-fired kilns, like all continuous kilns, are regularly 
oxidizing, with an excess of air. This is especrally true of the 
gas-fired kiln, since it 1s not necessary to fire more than one 
chamber at a time, if the kiln is properly managed, though at 
times two chambers are fired with complete combustion of the 
Las. 


Admission of Gas from Top. Whether to admit gas to the 
kiln from the top or from the bottom is a moot question in kiln 
design. Much can be said on both sides. The advantages are 
decidedly in favor of admission of gas from the bottom unless 
the chambers are unreasonably long—more than 50 feet. To 
admit gas from the bottom in a very long chamber necessitates 
a sacrifice to some extent of the control of the gas at every 
point. Yet I believe this difficulty can be overcome in most 
eases. ‘Tio properly discuss this point would require a separate 
paper, with drawings. 


Designing Kiln to Meet Local Conditions. The authors 
fail to answer Mr. Geijsbeek’s criticisms on this point. They 
may modify to some small degree the design of the kiln for 
special conditions, but it is well known that patent kiln pro- 
moters sell their particular type of kiln to everyone that they 
can persuade to adopt it and who are able to pay their charges. 
Tio be sure they make the statement in the concluding paragraph 
of their paper that ‘‘there are some conditions of manufacture 
that prohibit its use,’’ but do not state what these conditions are. 
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Their business is not in designing or recommending, as engi- 
neers would do, a kiln to meet the local conditions in any special 
ease, but their efforts are all directed to the selling of a single 
type of kin—the producer gas fired continuous kiln. They are 
hired for this, and their employer rates them by their ability 
to do this. I do not understand that Mr. Gejsbeek is criticising 
them in his general statement of the manner in which the kiln 
business has been mostly done in this country. The encouraging 
fact must be recognizedi that it is becoming to be considered a 
wise business policy to sell nothing to a man that is not well 
adapted to his needs, as satisfied: customers are a most valuable 
asset. So that, as the authors state, there is undoubtedly a more 
eareful investigation of conditions now than formerly. 

There is one condition, however, that is apt to be overlooked; 
and that is the important one of whether the business to be done 
will justify so large an investment as is required for the pro- 
ducer gas-fired continuous kiln, and we frequently hear the com- 
plaint that the cost was misrepresented by the salesman, either 
intentionally or through the common mistake of underestimat- 
ing. 

If the authors want to do a real service to the members of 
our Society, let them, in the future paper that they promise, 
give detailed cost statements from the many manufacturers who 
have built these kilns, with an explanation of the conditions 
affecting the cost. 

As to the advantages of the producer gas-fired kiln, most 
of them are applicable to any good continuous kiln and for low 
priced products to a greater degree with the coal-fired than with 
the producer gas-fired kiln. For the higher priced clay pro- 
ducts especially for those requiring high temperatures, the gas 
fired kiln must take the lead. While the gas fired kiln can be 
manipulated, by controlling artificial draft, so as to give oxidiz- 
ing or reducing conditions in the chamber being fired, one great 
advantage is that it can so easily be kept oxidizing, and flashing 
of the ware thereby prevented. 


SOME MISTAKES IN OUR TRANSACTIONS! 


In Vol. XIV page 132, last paragraph, including should be 
excluding and should read: ‘‘By calculating the oxygen ratios 
of the glazes, excluding boric acids,’’ ete. 

The fourth paragraph should read :—‘‘ boric oxide as an acid, 
and as such whether free or combined its tendency is to produce 
crazing.’ 

In Vol. XIV page 764, last part of the third paragraph 
should read: ‘‘Magnesia and magnesian minerals, when pow- 
dered, moistened with a solution of cobalt nitrate, and heated 
give a pink color. Alumina and alumina minerals when simi- 
larly treated give blue..’’ 

In Vol. XV page 569, under Discussion, line 2, glasses 
should be glazes; line 5, sand should read flint; line 7 should 
read: ‘‘eertain glazes both bright and mat much more fusible 
than the famous Albany shp,— 


1 Called to the attention of the editor by R. T. Stull, Urbana, Ill. 
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